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Abstract 
The Paleozoic stratigraphic record of the Ozark Region, southern midcontinent has been 
divided into at least 33 formations, with the most significant thickness of 9692 feet preserved in 
northwest Arkansas.  The potential thickness would have been much greater, but epeirogenic 
movements and sea-level rise and fall produced regional surfaces of erosion reducing the record. 
That interplay between tectonics (epeirogenic movements) and eustatic change (transgressive-
regressive cycles) preserved in the Ozark sedimentary history provides the basis for recognition 
of five distinct, but related, tectonostratigraphic units designated TS 1 through TS 5:  Late 
Precambrian-Middle Cambrian (TS 1), Late Cambrian-Earliest Ordovician (TS 2), Early 
Ordovician-Early Devonian (TS 3), Middle Devonian-Late Mississippian (TS 4), and Early-
Middle Pennsylvanian (TS 5), and a better understanding of the effects of two independent, but 
potentially simultaneous, processes: eustasy – variation of ocean water volume, which causes 
sea-level rise and fall and controls sediment supply; and tectonism – changes in elevation of 
earth’s crust, either by uplift or subsidence, providing or reducing accommodation space and 
ultimately recorded sedimentary succession.   
The studies of the stratigraphic succession preserved in the southern midcontinent 
illustrate the interaction of tectonics, eustasy, as well as the effects of weathering, erosion, 
transport, and depositional processes through the Paleozoic Era. This succession of events is 
recorded in the stratal configurations, stratigraphic style, and lithologic changes in the geologic 
record of the southern Midcontinent.  The three studies examine the evidence and interpret the 
record of compositional evolution with the tectono-stratigraphic sequences, the source and 
delivery conundrum for the terrigenous clastic sediments, and finally, the regional tectonic 
history of the southern Ozark Dome and its effect on the stratigraphic succession.  While perhaps 
leaving some questions still unresolved, this is the first study that has recognized and “read” the 
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PALEOZOIC SANDSTONES IN THE TRI-STATE REGION, SOUTHERN OZARKS: 
TECTONO-STRATIGRAPHIC SEQUENCE DEVELOPMENT AND COMPOSITIONAL 
EVOLUTION, THE SOURCE AND DELIVERY CONUNDRUM, AND THE REGIONAL 
TECTONIC HISTORY 
 
Elvis C Bello 




The southern Ozark platform of Arkansas, Missouri, and Oklahoma is over 20,700 square 
miles (Fig. 1). The region is bounded by the core of the Ozark Dome to the north, the Arkoma 
Basin to the south, the Gulf Coastal Plain, including the Mississippi Embayment, to the east, and 
the central North American. Lowlands to the west.  The dome is a broad, irregular, cratonic uplift 
cored by basement rocks that are exposed in the St. Francois Mountains district of southeastern 
Missouri (Fig. 1).  The St. Francois Mountains, the center of the Ozark Dome, was uplifted 
sporadically, beginning already in the Precambrian, but became stable during the Pennsylvanian 
(Bretz, 1965; Ervin and McGinnis, 1975). Lower Paleozoic strata dip gently away radially from 
the dome core.  Consequently, layers of the dome at the surface become younger across southern 
Missouri, northern Arkansas and northeastern Oklahoma, including those areas where major 
northeast-trending normal faults, downthrown on the east, interrupt the continuity of the 
succession. Three broad plateaus - the Salem, the Springfield, and the Boston Mountains - from 
oldest to youngest topographically, comprise the southern Ozark region.  There, the Salem 
Plateau (Fig. 1) has the greatest extent, including mostly Lower Ordovician dolomites, 
limestones, associated with orthoquartzitic sandstones and primarily minor shales. The Devonian 
and Silurian components are thin and only sporadically preserved, being absent in most areas.  
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The Springfield Plateau (Fig. 1) comprises thick Lower-Middle Mississippian carbonates, 
designated as the St. Joe Limestone and succeeding Boone Formation, resting unconformably on 
exposed older carbonates of mostly Ordovician age, but also underlain by Silurian or Devonian 
strata in some places. The youngest and highest Boston Mountains Plateau (Fig. 1) exposes a 
lower-middle Pennsylvanian sequence represented by the Hale, Bloyd, and Atoka Formations 
(ascending order).  This interval comprises mostly alternating sandstone and shale, with minor, 
quartz-bearing limestones. 
REGIONAL CONTEXT AND IMPORTANCE 
The Paleozoic sedimentary succession of the southern Ozark Dome records intervals of 
first-cycle terrigenous clastics, occasionally with intervals of limestones and dolomites, 
punctuated by intervals of erosion and reworking.  Although there have been many excellent 
studies of the geologic history of the Arkoma Basin (e.g., Houseknecht and Kacena, 1983) and 
the southern midcontinent (e.g., (Johnson et al., 1988), the Ozark Dome and the adjacent shelf 
have never had a summary of similar comprehension. General papers on the southern 
Midcontinent, (e.g., Sloss, Dapples, and Krumbein, 1960; Snyder, 1968;  and Johnson et al., 
1988), while valuable, lack precise information pertinent to the specifics of the geologic history 
of the dome and its role in the depositional history.  Accurate analysis of the Arkoma Basin fill, 
notably its sandstones, has been inadequate because the record is mostly subsurface. The agreed 
regional geological setting of the southern midcontinent is construed as a cratonic platform 
through the Early Atokan Series with the actual development of the Arkoma Basin not beginning 




Figure 1.  Geologic provinces of Arkansas and adjacent regions, southern Midcontinent 
(Modified from Manger et al., 1988). 
Possibly oddly given its location, the Ozark Dome does not appear to have provided a 
substantial terrigenous clastic source for the neighboring region after the Cambrian. Its history 
has been apparently one of periodic uplift and cover, but there has been no acknowledgment or 
assessment of the tectonic history preserved by the regional unconformities and depositional 
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sequences. The Ozark Dome's post-Cambrian history as an exposed, structural uplift, may not 
have begun until the Mesozoic. Consequently, the quartz sandstones that occur through the 
Paleozoic succession are not locally derived.  Furthermore, the region was covered by thick 
Lower Mississippian carbonates that ended the depositional system's ability to recycle earlier 
deposits.  
Therefore, a comparative study and identification of the provenance and delivery 
directions is an essential contribution to a more detailed understanding of the geologic history of 
the southern Midcontinent. Documenting their origin and delivery direction would contribute to 
the understanding and further exploiting of their value as an economic resource in the 
development of aquifers, petroleum reservoirs, and potential for mineral extraction, e.g., frac 
sand. Understanding the origin and delivery directions of the quartz sandstones would be a 
substantial contribution to documenting the geologic history, particularly the effect on deposition 
of the Ozark Dome and the adjacent southern midcontinent.  
Specific and detailed lithologic studies of the rock formations under examination were 
not made in the organization of this dissertation. However, a general lithostratigraphic 
description and discussion were presented in each paper, when deemed necessary for the 
organizational and regional context.  
This doctoral dissertation is designed in the form of three papers ready for submission to 
technical journals immediately following completion of the Ph.D. program at the University of 
Arkansas in Fayetteville. Due to this arrangement, there are some repetitions of introductory 
information in each paper, and each article has an independent abstract and references.  The three 
papers submitted are: 
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1.  Tectonostratigraphic Sequences of the Paleozoic Record, Southern Ozark Region, 
Arkansas, Missouri, and Oklahoma. 
2.  The Source and Delivery Conundrum for Paleozoic Sandstones, Southern Ozarks, Tri-
State Region, Arkansas, Missouri, and Oklahoma. 
3.  Tectonic History of the Ozark Dome Determined by Structural and Stratigraphic 
Analysis. 
TECTONOSTRATIGRAPHIC SEQUENCES OF THE PALEOZOIC RECORD, SOUTHERN 
OZARK REGION, ARKANSAS, MISSOURI, AND OKLAHOMA 
The Paleozoic sedimentary succession of the southern Ozark Dome preserves periods of 
erosion and reworking, intervals of first-cycle sediments, including intervals of predominantly 
limestone and dolomite that lack associated terrigenous clastics. Excellent reports of the geologic 
history of the Arkoma Basin and the entire southern Midcontinent have not addressed the tri-
state region Ozark and its geologic history. Also, the dome does not appear to have provided 
significant clastic materials for the surrounding area after the Cambrian reflecting cover and 
modest, periodic uplift.  
Therefore, both surface and subsurface data are used to delineate the regional thickness, 
distribution, and lithofacies of the Paleozoic rocks comprising the tri-state region of Arkansas, 
Missouri, and Oklahoma. Data used for the study were taken from published water well logs 
(Huffman, 1951; Sheldon, 1954; Howe and Koenig, 1961; McKnight and Fischer, 1970; Johnson 
et al., 1989; Simms, Simms, and Suneson, 1995; Boyd, 2008; McFarland, 2004; Pasteris, 2014), 
and standard geophysical well logs provided by Stephens Production Company, Fort Smith. 
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Lithostratigraphic successions may record two independent, but potentially concurrent, 
processes:  eustasy – a change in the total volume of global seawater, producing a stratigraphic 
sequence record, and tectonism – a change in elevation of earth’s crust; uplift or subsidence, 
providing or reducing accommodation space. A shift in cratonic height is accomplished by 
seafloor spreading either by underplating continental crustal masses forming domes and 
mountains or by crustal subsidence from mantle flow, away from the craton interior, forming 
basins and rifts. However, cratonic areas rarely experience active tectonism, and their 
lithostratigraphic record may only reflect the eustatic change.  
The southern Ozark region did not experience active tectonism but did suffer epeirogenic 
movement (Bello, 2017; paper 3, this volume). Epeirogeny involves gradual downward or 
upward movements of broad areas of the crust that produce sequences of relatively flat-lying 
sediments without considerable folding or faulting (Grotzinger and Jordan, 2010). Glacial 
rebound and heating or cooling of the earth’s crust are the two primary mechanisms that drive 
epeirogeny. When glaciers develop, their weight depresses the crust, and conversely, the crust 
rebounds from ice melting.  Similarly, heating of the continental crust causes rocks to expand, 
reducing their density, and thus, elevating the continental surface while, cooling intensifies its 
density, causing thermal subsidence. According to Grotzinger and Jordan (2010), upward 
movements trigger erosion and gaps in the sedimentary record (unconformities), while 
downward movements record depositional intervals by capturing erosional products and other 
sediments.   
Tectonostratigraphy, as a subdiscipline of stratigraphy, has been utilized since at least 
1875, initially to describe sequences in large-scale, stacked, thrust sheets (nappes), in tectonically 
influenced areas, such as thrust belts (Medlicott, 1875). More recently, it has been extended to 
7 
 
include the study of any area that displays a tectonic imprint on its lithostratigraphy, including 
the cratonic interiors (e.g., Houseknecht, 1986).  Recognition of the effects of the previously 
described processes of eustacy and epeirogeny on the geologic record of the southern Ozark 
region provide the basis for the subdivision of the record into five tectono-stratigraphic 
successions. 
Total thicknesses and percentages were computed for each section to highlight the 
amount of sediment that was produced and transported to explain depositional dynamics in the 
region. The computed average rate of deposition is obtained by dividing the total succession 
thickness by the time duration of that stratigraphic column. This simplified calculation of the 
average depositional rate overlooks the effect of stratigraphic completeness, which arises from 
the inclusion of hiatuses, representing periods of non-deposition or erosion, that reduce the total 
duration and thickness preserved in a lithostratigraphic column. Therefore, the actual rate of 
deposition may vary widely from the calculated amount reported in this paper. 
The Paleozoic stratigraphic record of the southern midcontinent has been divided into at 
least 33 formations, and the most significant preserved thickness across the region is in 
northwest Arkansas at 9692 feet based on this paper.  The potential total thickness could have 
been as far greater, but epeirogenic movements and sea-level rise and fall produced regional 
surfaces of erosion and a reduction of the record. Nevertheless, the interplay between tectonics 
(epeirogenic movements) and eustatic change (transgressive-regressive cycles) of that 
sedimentary record provides the basis for five distinct, but related tectonostratigraphic units (TS 
1-TS 5):  Late Precambrian-Middle Cambrian (TS 1), Late Cambrian-early Ordovician (TS 2), 
Lower Ordovician-Lower Devonian (TS 3), Middle Devonian-Upper Mississippian (TS 4), and 
Lower-Middle Pennsylvanian (TS 5), and a better understanding of the effects of two 
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independent, but potentially simultaneous processes: eustasy – a variation of ocean water 
volume, which may cause a sea-level change and control the type and quantity of sediment 
supply; and tectonism – change in elevation of earth’s crust; uplift or subsidence, providing or 
reducing accommodation space.  The effects of these two processes on the geologic record 
provide the basis for its tectono-stratigraphic divisions and a better understanding of the 
depositional dynamics of the region during the Paleozoic.  
THE SOURCE AND DELIVERY CONUNDRUM FOR PALEOZOIC SANDSTONES, 
SOUTHERN OZARKS, TRI-STATE REGION, ARKANSAS, MISSOURI, AND 
OKLAHOMA 
The Paleozoic rocks of the southern Ozark region were deposited across a gently sloping 
cratonic platform by transgressive-regressive, epeiric seas.  Limestone and shale intervals 
punctuate a composite thickness of over 9600 feet, with nearly 40% represented by sandstones of 
variable composition ranging from arkoses and mrf-bearing, first cycle litharenites, to 
supermature orthoquartzites (Bello, 2016).  The source of this succession is generally cited as the 
southern North American midcontinent, notably the Ozark Dome, but that interpretation is likely 
valid only for the Cambrian-Lower Mississippian, an arkosic-orthoquartzitic portion of the 
interval. This problem with the source area for the Late Mississippian and Pennsylvanian range 
is further complicated by the question of the delivery direction for the terrigenous clastic 
sediments.  Previous paleogeographic interpretations (e.g., Houseknecht, 1986; Houseknecht and 
Kacena, 1983) typically suggest north-south delivery, yet this argument lacks a visible source, 
and detrital chert is not particularly common in the Late Mississippian-Pennsylvanian interval.  
Furthermore, this north-south distribution is frequently assigned to deltaic development for 
which there is very little evidence.  Sandstone bodies for which there is some evidence of 
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delivery direction suggest either east-west (Batesville, Morrowan-Atokan interval) or west-east 
(Wedington, Wyman), but, as will be seen, both routes present interpretative problems. 
The modal data used for this project were from thin sections and published petrographic 
data. A total four hundred and forty-four modal analyses were assembled. That number includes 
a total of one hundred and thirty point-counted thin-sections and three hundred and sixty modal 
data compiled from published articles and Masters’ theses and doctoral dissertations in the 
Department of Geology, University of Arkansas, Fayetteville; University of Missouri, Columbia; 
and one published article. These modal data were assembled from the following sources: 
Houseknecht, 1975; Thornton, 1978; Joslin, 1980; Nooncaster, 1982; Gillespie, 1983; Berry, 
1978; Yesberger, 1982; Lisle, 1986; Zimmerman, 1987; Cochran, 1989; Pittenger, 1989; Allen, 
2010; and Bello, 2012. The Arkansas Geological Survey provided forty-eight thin sections, while 
eighty-two were obtained from storage in the repository of the Department of Geosciences, 
University of Arkansas, Fayetteville.  
Based on this paper, the sandstones deposited across a gently sloping, cratonic platform, 
the Northern Arkansas Structural Platform (NASP), transgressive-regressive epeiric seas were 
sourced initially from the Precambrian granite basement that eventually cored the Ozark Dome, 
with possibly an additional contribution from the Canadian Shield.  Later, deposition of 
subarkoses, sublitharenites, and quartzarenites of the Lower Ordovician Gasconade and 
Roubidoux Formations reflect the local reworking of the Lamotte and contemporaneous 
intervals. The appearance of orthoquartzitic sandstones in the Early Ordovician that continued to 
characterize the Ozark section into the basal Early Mississippian, reflect regional reworking 
during repeated cycles of epeirogenic upwarp and downwarp that stimulated transgressive-
regressive cyclicity by epeiric seas. The return to first cycle sandstones of the Late Mississippian 
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and into the Pennsylvanian probably reflect the unroofing of the Nemaha Ridge locally, and 
transport systems from the southern Appalachian Mountains regionally. The increase in sediment 
production indicates increased tectonism and favorable climatic conditions that are reflected by 
decreased compositional maturity.  Early sedimentation reflects locally derived material, but the 
delivery conundrum requires Late Mississippian through Middle Pennsylvanian delivery from 
the southern Appalachians, across the Black Warrior Basin and onto the southern Ozark Platform 
at the margin of North America.  Paleogeographic reconstructions and facies maps suggest that 
the Black Warrior Basin is either full by the Early Pennsylvanian or had not subsided enough to 
disrupt distribution in an east to west direction, but the actual transportation history still is 
somewhat enigmatic. 
TECTONIC HISTORY OF THE OZARK DOME DETERMINED BY STRUCTURAL AND 
STRATIGRAPHIC ANALYSIS 
Before dissertation paper three, the only tectonic work on the history of southern Ozark 
Dome is that of Chinn and Konig (1973), who calculated a regional basement dip of 19’ in a 
north-south cross-section across the southern Ozarks, which would change elevation by about 31 
feet in a mile.  This dip value is certainly within the range of dips associated with the southern 
Ozark Dome, but that value changes across the region and three-point resolutions are more 
reflective of the true structural relationships.  In this paper, trigonometric three-point 
computations of the dip angles, beginning from the basement to the top of the Paleozoic unit at 
various intervals, assuming original horizontality, range from 0.10-10 at 15 feet/mile to 90 
feet/mile to the south,  3.60 at 142 feet/mile to the northwest, and 1.80 at 142 feet/mile to the 
southeast. These calculations confirm a pattern of small, periodic uplifts that increased the 
regional dip and established the broad shelf bordering the core of the Ozark Dome across the 
southern Midcontinent, encompassing northern Arkansas, southern Missouri, and northeastern 
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Oklahoma.  These uplifts were enough to influence the depositional dynamics, encouraging 
terrigenous clastic deposition as a variety of sandstones through the Paleozoic, while intervals of 
no tectonic activity allowed erosion to reduce the sedimentary column and produced deposition 
of broad platform carbonates across the midcontinent.  In particular, the analysis of the 
lithostratigraphic section indicates, as might have been predicted, that the actual southern Ozark 
depositional succession of the upper Ordovician through the Lower Mississippian, mainly the 
Lower Silurian-Middle Devonian do not preserve the record that would be predicted by the 
sequence stratigraphic charts, e.g., Waite and Gilcrease (2002), specifically, the punctuation by 
unconformities that likely uplift of the dome. 
Therefore, this paper is an attempt to use structural and stratigraphic analysis to infer 
periodic movement of the Ozark Dome, and if any, how it affected sedimentation in the region. 
This paper is primarily a contour and isopach study involving regional structure, thickness, and 
distribution of the stratigraphic units. Contour maps on several horizons were generated to 
determine the occurrence, nature, and distribution of local paleostructure.   
At the beginning of the Upper Cambrian, the basement surface consisted of topographic 
highs in the northwest region of Arkansas based on this based on this paper. Broad, gently 
undulating arch and trough that sloped south to southeast lined the remaining area. Except for 
these basement highs,  the paleostructures in the area developed during the upper Cambrian, 
Lower Ordovician, Middle Ordovician, Upper Devonian, and Upper Mississippian as a result of 
differential epeirogenic movements. These events produced arches and troughs that played a 
significant role in the growth of the platform and successive depositional and structural trends 
that shape the entire region’s Paleozoic history. However, the topographic highs in the northwest 
edge of the map were short-lived and controlled depositional system for a short period. These 
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conclusions confirm a pattern of small, periodic uplifts that increased the regional dip and 
established the broad shelf border of the core of the Ozark Dome. The uplifts influenced the 
depositional dynamics, allowed deposition of sandstones while intervals of no tectonic activity 
encouraged erosion and carbonate build-ups across the region. 
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ABSTRACT 
The southern Ozark region of northern Arkansas, southern Missouri, and northeastern 
Oklahoma, located on the southern flank of the North American craton preserves a sedimentary 
succession representing a complete Wilson Cycle.  Late Precambrian-Cambrian rifting separated 
Rodinia into the Laurussian and Gondwanan landmasses and opened the Iapetus Ocean Basin, 
which received sedimentation from the Late Cambrian through the Middle Mississippian.  The 
Iapetus Ocean Basin closed during the Late Mississippian-Middle Pennsylvanian in response to 
the collision of Laurussia with Gondwana.  The depositional record of this Wilson Cycle on the 
Ozark Shelf, its gently sloping Northern Arkansas Structural Platform (NASP) and adjacent 
ramp, records both transgression and regression by epeiric seas as well as regional tectonism that 
can be recognized as five Tectono-Stratigraphic Successions (TS) correlated readily with the 
well-known Sloss Cratonic Sequences. The TS record comprises at least 33 named formations 
and a potential thickness exceeding 13,000 ft.  However, both eustatic and tectonic sea-level rise 
and fall also produced regional surfaces of erosion that punctuated deposition, and the preserved 
thickness on the NASP is significantly less than the potential maximum.  
The five distinct, but related, Tectono-Stratigraphic Successions in the Paleozoic record 
are (TS1) Late Precambrian-Middle Cambrian, (TS2) Upper Cambrian-lowest Ordovician, (TS3) 
Lower Ordovician-Lower Devonian, (TS4) Middle Devonian-Upper Mississippian, and (TS5) 
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Lower-Middle Pennsylvanian. TS1is the least well-known succession, consisting of emplaced 
igneous and low-ranked metasedimentary bodies and possible pre-Lamotte sedimentary rocks 
encountered entirely in the subsurface. TS2 is possibly 3075 ft. of dolomites and sandstones. TS3 
is the penultimate thickest interval, perhaps 4125 ft. of dolomites, limestones, shales, and 
supermature sandstones. TS4 measures at least 2416 ft. The final TS5 of first cycle sandstones 
with variable amounts of mrfs and shales is the thickest interval, 4160 ft. and may itself exceed 
25,000 ft in the adjacent Arkoma Basin. 
INTRODUCTION 
Tectonostratigraphy is the study of large lithostratigraphic units or sequences, with an 
emphasis on the tectonic effects on that record (Neuendorf and others, 2011).  This approach to 
stratigraphy has been practiced since at least 1875 (e.g., Medlicott, 1875), initially to describe 
and differentiate stratigraphic sequences preserved in large-scale, stacked thrust sheets (nappes), 
in tectonically influenced areas. However, it has since been applied generally to areas where 
there has been a tectonic imprint on lithostratigraphy (e.g., Houseknecht, 1986).   
Lithostratigraphic successions may reflect two independent, but potentially simultaneous 
processes:  1) eustatic change and 2) tectonism.  Eustatic change involves the total volume of 
seawater.  The earth is a closed system regarding its water budget, and sea level reflects the 
amount of seawater covering the earth, confined to ocean basins and the continental shelves.  
Continental glaciation drives changes in water volume, and consequently, sea level rise. Sea 
levels drop in response to water stored on the continents as ice, while sea level rises as water is 
returned to the oceans by melting of that ice. Eustatic changes produce regional unconformities 
and significant vertical and lateral changes in lithologies during deposition. Rise and fall of sea 
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levels are reflected in transgressive sequences (rising sea levels), and regressive sequences 
(falling sea levels).  Sequence stratigraphy incorporates transgression and regression but includes 
other stages: e.g., lowstand, maximum flooding, and highstand.  Each of these stages combines 
to form recognizable sequences that are typically bounded by unconformities, indicating that sea 
levels fell at times as low as the continental shelf edge. The interplay between uplift, subsidence, 
eustatic change, and sediment supply produce unconformities, marine condensed sections, and 
marine transgressive-regressive cycles. However, the record of marine transgressions and 
regressions are not globally synchronous because of the variation of sediment supply, craton 
elevations, and ocean basin sea levels. 
Tectonism involves a change in the elevation of the earth’s crust driven by seafloor 
spreading, where sheets of ocean crust are forced beneath the continental masses.  This change in 
elevation causes them in whole or in part to rise from underplating, or subsidence from mantle 
flow, away from thickenings in continental lithosphere.  Sea level changes in response to 
tectonism reflect flow away from areas that are rising – domes, mountains, or filling and 
deepening in regions that are subsiding, basins, or rifts. Cratonic stability or stasis reflects areas 
of the crust away from active tectonism that only experienced minor changes in elevation, thus 
recording only eustatic sea level changes. Tectonostratigraphy, as used in this paper, recognizes 
the division of the stratigraphic record into tectonostratigraphic sequences that reflect both 
eustatic change and tectonism. 
GEOLOGIC SETTING 
The Ozark Dome dominates the geology of the southern mid-continent as a broad, 
asymmetrical, cratonic uplift cored by Precambrian granite and rhyolite exposed in the St. 
Francois Mountains region of southeastern Missouri (Fig. 1). The St. Francois Mountains, the 
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center of the Ozark Dome, has frequently been uplifted, but sporadically, since the Precambrian, 
until it appears to have become stable in the Pennsylvanian (Bretz, 1965; Ervin and McGinnis, 
1975).  An outcropping Cambrian-middle Pennsylvanian sedimentary section of ~5000 feet dips 
radially away from the core area. The dips are steeper on the east and north, gentler on the south 
and west (Fig. 1).  Northern Arkansas occupies the south flanks of the dome (Haley and others, 
1976). Regional dips are 0.10-10 at 15 feet/mile to 90 feet/mile to the south. The slope steepens to 
3.60 at 142 feet/mile to the northwest on the basement complex and 1.80 at 142 feet/mile to the 
southeast on the Batesville Sandstone (Chinn and Konig, 1973; Bello, 2017 – this volume). The 
only significant structural complication is a series of major en echelon, northeast-southwest 




Figure 1.  Geologic provinces of Arkansas and adjacent regions, southern Midcontinent 
(modified from Manger et al., 1988). 
 
In northern Arkansas, the sequences are younger to the south, east, and west, except 
where main northeast trending faults downthrown to the east interrupt the succession. Three 
broad plateaus - the Salem, the Springfield, and the Boston Mountains - from oldest and 
youngest topographically, reflect increasing elevation and comprise the southern Ozark region. 
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The Salem Plateau has the greatest exposed extent and includes mostly Lower Ordovician, 
dolomites, limestones, and associated orthoquartzitic sandstones. The Devonian and Silurian 
strata are thin and sporadic when preserved, but are absent in most areas.  The Springfield 
Plateau comprises the Lower-Middle Mississippian carbonates, referred to the St. Joe Limestone 
and overlying Boone Formation, that rest unconformably on Devonian or strata. The youngest 
and highest Boston Mountains Plateau is a sequence of Pennsylvanian sandstone, shale, and 
minor limestone represented by the Hale, Bloyd, and Atoka Formations (ascending order). 
PALEOZOIC SANDSTONE SUCCESSION, SOUTHERN OZARK REGION 
Petrographic analysis by Bello (2016) recognized five distinct, but related sandstone 
intervals interspersed with a lithologic succession that includes more abundant limestones and 
lesser shales in the southern Ozarks (Fig. 2):  
1. TS 1 - the transgressive first cycle arkose/litharenite/quartzarenite, Upper Cambrian 
Lamotte Formation, typically with a basal conglomerate, derived from the Precambrian granite 
of the Ozark uplift. The Lamotte Sandstone clustered within the entire compositional spectrum 
for sandstones (Figs. 3 and 4). This interval accounts for 6% of the sandstone formations in 
Arkansas, 14% in Oklahoma, and 13% in Missouri. The sandstones range from fine silt to 
pebble, and are poorly to moderately sorted, angular to rounded grains. 
2.  TS 2 - overlying the Lamotte Sandstone are the sandstones of the Lower Ordovician 
Gasconade and Roubidoux Formations that reflect substantial reworking of the Lamotte and 
contemporaneous intervals to produce the subarkoses, sublitharenites, and finally, quartzarenites 
(Figs. 3 and 4). They are composed of fine-sand to pebble-size, angular to rounded, poorly to 
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moderately sorted grains. This group makes up 13% of the sandstone interval of Arkansas, 29% 
in Oklahoma and 25% in Missouri. 
3.  TS 3 - Continued sandstone reworking produced well-rounded, well-sorted, 
orthoquartzitic sandstones of the Lower Ordovician Cotter Formation to the Bachelor Sandstone, 
the basal member of the St. Joe Limestone, Lower Mississippian (Figs. 3 and 4). These TS3 
sandstones are coarse silt to coarse sand, moderately to well sorted, very well rounded, 
negatively, and positively skewed supermature sandstones. TS 3 encompasses 37% of the 
sandstones in Arkansas, 29% in Oklahoma, and 37% in Missouri. 
4.  TS 4 - Chesterian sandstones comprise the fourth group: Batesville-Wyman-Wedington-
Imo Formations (Fig. 2). They are first cycles with a few metamorphic rock fragments. They are 
composed of quartzarenites, subarkoses, sublitharenite, litharenite, and arkoses and vary from 
medium silt to medium sand, angular to rounded, moderately well to well sorted, positively, and 
negatively skewed sandstones (Figs. 3 and 4). TS 4 accounts for 25% of the sandstones in 
Arkansas, 12% in Missouri, and 14% in Oklahoma. 
5.   TS 5 - Pennsylvanian first cycle sandstones of the Hale, Bloyd and Atoka Formations 
exhibit common to abundant metamorphic rock fragments, and characterize the remainder of the 
sandstone record of the southern Ozarks. They are highly variable, including quartzarenites, 
subarkoses, sublitharenites, and litharenites, and range from coarse silt to pebble, angular to 
rounded, very poorly sorted to moderately sorted, positively- and negatively-skewed sandstones 
(Figs. 3 and 4). The Pennsylvanian interval contributes 19% to the sandstone interval in 





Figure 2. Stratigraphic outline of Paleozoic northern Arkansas. Red and blue dotted lines 
represent craton-scale and local unconformities respectively. Yellow boxes denote formations 




Figure 3. The composite plot of the Paleozoic sandstones of the tristate region, southern Ozarks 
(Bello, 2017 - this volume). 
 
Figure 4.  The plots of the three Paleozoic sandstone groups identified in the Southern Ozark 
Region (Bello, 2017 – this volume). 
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THICKNESS VARIATIONS, PALEOZOIC RECORD OF THE SOUTHERN OZARK 
REGION 
Stratigraphic data for this work was compiled from published logged water and 
geophysical well logs (Huffman, 1951; Howe and Koenig, 1961; McKnight and Fischer, 1970; 
Johnson et al., 1988; Simms, Simms, and Suneson, 1995; Pasteris, 2014). The minimum and 
maximum regional thicknesses were computed to determine regional thickness variations across 
the tristate region. Microsoft Excel 2016 was used for statistical computation and chart 
production.  
The lithostratigraphic record recognizes at least 33 formations with a potential thickness 
exceeding 13,000 ft., and a probable composite thickness of at least 9700 feet. Twenty-six 
formations out of the thirty-three units crop out in northern Arkansas. The seven units that are 
not exposed in Arkansas, crop out in southern Missouri, including, in ascending order: the 
Lamotte Sandstone, Davis Dolomite, Derby-Doerun Dolomite, Potosi Dolomite, Eminence 
Dolomite, Gasconade Dolomite, and Roubidoux Formation, ranging in age from Upper 
Cambrian (Lamotte) to Lowermost Ordovician (the remainder). Limestone and subordinate shale 
intervals dominate the Paleozoic record; nevertheless, 40% of the component formations are 
whole or partly sandstones (Fig. 2).  
Sea-level rise and fall produced regional surfaces of erosion, and as would be expected, 
the preserved thickness is significantly less than the potential total thickness. Nevertheless, the 
least and greatest preserved thicknesses in the region vary from 1860-9692 feet and 1483-6733 
feet in the northwest and north-central Arkansas, 2888-8936 feet and 3276-7781 feet in the 
southeast and southwest Missouri, and 140-2196 feet and 1165-2393 feet in northeastern and 
Cherokee Platform, Oklahoma, respectively (Fig. 5). The sedimentary succession is thickest in 
northwest Arkansas, where it peaks at 9692 feet, and thinnest in the northeasternmost Oklahoma 
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area, where a minimum thickness of only 140 feet is documented. The tristate region is 
carbonate-dominated, contributing the maximum of 64% of the total Paleozoic sediment in 
northeast Oklahoma, 59% in southern Missouri, and 46% in northern Arkansas (Figs. 6-8). The 
terrigenous clastic materials make up the remaining portion of the record, with sandstone 
contributing 18% and shale 19% of that deposit in Arkansas, where their abundance is greatest 
(Figs. 6-8). 
TECTONOSTRATIGRAPHY 
Tectono-stratigraphy – Lithostratigraphic sequences may also record tectonic influences 
on the depositional succession. As stated earlier, this subdiscipline of stratigraphy has been 
applied since at least 1875, initially to describe large-scale, stacked, thrust sheets (nappes), in 
tectonically influenced areas, such as thrust belts (Medlicott, 1875). More recently, it has been 
broadened to include the study of any area that shows a tectonic imprint on its lithostratigraphy, 
including the continental interiors, or craton (e.g., Houseknecht, 1986).  Change in cratonic 
elevation is accomplished by seafloor spreading either by underplating continental crustal masses 
forming domes and mountains or by crustal subsidence from mantle flow away from the craton 
interior forming basins and rifts.  
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Figure 5. The total thickness (maximum and minimum) of the entire Paleozoic interval (Upper 
Cambrian-Middle Pennsylvanian) across the Tristate region. 
 
Figure 6. The minimum and maximum percent contribution by the three lithotypes (carbonates, 




Figure 7. The minimum and maximum percent contribution by the three lithotypes (carbonates, 
sandstones, and shales) southern Missouri. 
 
Figure 8. The minimum and maximum percent contribution by the three lithotypes (carbonates, 




Figure 9. Total sediment thickness of periods. The rate is: Cambrian = 0.03 mm/year; Ordovician 
= 0.02 mm/year; Silurian = 0.002 mm/year; Devonian = 0.002 mm/year; Mississippian = 0.01 
mm/year; and Pennsylvanian = 0.02 mm/year. The Ordovician period preserved the thickest 
sediment followed by the Mississippian time. However, the Cambrian recorded the fastest 
depositional rate (0.03 mm/year), while the Silurian and Devonian had the lowest rate of 
sedimentation (0.002 mm/year). The Silurian deposit is absent in northeasternmost Oklahoma. 
 
Figure 10. The total of each epoch normalized to 100% shows a dramatic increase in the 
percentage of strata preserved in Arkansas from the Mississippian through Pennsylvanian time 
and fluctuated amount in both Missouri and Oklahoma throughout the Paleozoic time. It also 
shows that the percentage of the Devonian sediment is highest in the Missouri area.  
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The Ozark region did not experience active tectonism – a process that comprises 
horizontal plate movements and associated plate deformation through folding and faulting. 
However, the paleostructural analysis of the tectonic history shows that the region did experience 
several epeirogenic actions at the top of the Lamotte, Gasconade, Cotter, St. Peter, Chattanooga, 
and Batesville Formations (Bello, 2017 – this volume). Epeirogeny is a gradual downward and 
upward movements of broad areas of the crust that produces sequences of relatively flat-lying 
sediments without substantial folding or faulting (Grotzinger and Jordan, 2010). Glacial rebound 
and heating and cooling of the earth’s crust are two primary mechanisms that cause epeirogenic 
movements. When glaciers develop, their weight pushes down the crust, and conversely, the 
crust rebounds upward when it melts. Heating of the continental crust causes rocks to expand, 
reducing their density and thus elevating the continental surface while, cooling intensifies its 
density, causing it sinks under its weight and producing a thermal subsidence. According to 
Grotzinger and Jordan (2010), upward movements trigger erosion and gaps in the sedimentary 
record (unconformities), while downward movements initiate deposition by capturing erosional 
products and other sediments.  These epeirogenic events caused the entire Ozark region to 
experience modest downwarp and uplifts, which affected the regional distribution of the 
component lithologies (Bello, 2017 – this volume). 
As noted earlier, depending on their setting, lithostratigraphic successions may reflect 
two independent, but potentially simultaneous processes:  1) eustasy – change in the total volume 
of global seawater, producing a stratigraphic sequence record, and 2) tectonism – change in 
elevation of earth’s crust; uplift or subsidence, providing or reducing accommodation space. 
Recognition of the effects of these two processes on the geologic record provides the basis for its 
tectono-stratigraphic divisions of the area into five distinct but related tectonostratigraphic units 
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(TS 1-TS 5):  Late Precambrian-Middle Cambrian (TS 1), Late Cambrian-early Ordovician (TS 
2), Lower Ordovician-Lower Devonian (TS 3), Middle Devonian-Upper Mississippian (TS 4), 













































































































































Figure 11. Five tectonostratigraphic intervals and 1st to 3rd order cycles modified from Waite and 
Gilcrease (2002) and McFarland (2004). The Paleozoic sequence record of the southern Ozark 
region, northern Arkansas, can be divided into 25 cycles comprising the interval from the Late 
Cambrian through Middle Pennsylvanian (Atokan) periods.  This succession is preserved, all or 
in part, four first-order, seven second-order, and fifteen third-order cycles (Waite and Gilcrease, 
2002; Fig. 11).  At least three condensed sections and seventeen unconformities punctuate the 
record (McFarland, 2004). The first-order and second-order cycles recognized by Waite and 
Gilcrease (2002) are preserved, but three third-order cycles – between the Middle and Upper 
Ordovician, the lowermost cycle of the Upper Silurian, and the lowermost cycle of the Middle 
Devonian strata are missing. Type - 1 unconformities at the Eminence-Gunter, Roubidoux-
Jefferson City, Everton-St Peter, Lafferty-Penters, Penters-Clifty, Clifty-Sylamore, Chattanooga-
St. Joe (Bachelor), Boone-Batesville, Pitkin-Hale and Morrowan-Atoka contacts (McFarland, 
2004) in northern Arkansas correspond to Waite’s third-order unconformity surfaces. In contrast, 
predicted third-order unconformities at the Upper Ordovician-Lower Silurian and Lower-Middle 
Silurian contacts (Waite and Gilcrease, 2002) fall within continuously deposited successions. 
 
Figure 12. The minimum and maximum thicknesses of each tectonostratigraphic interval. TS 5 is 
thickest, while the TS 4 is the thinnest. The TS 2 and TS 3 intervals show a general thinning 
trend toward Oklahoma, TS 4 thins away from Oklahoma, while TS 5 progressively thin apart 




Figure 13. The maximum percent of sediment contributed by each TS intervals to the total TS 
deposit in the tristate region of Oklahoma, Arkansas, and Missouri, respectively. 
 
Figure 14. Average rate of deposition of each period across the dissertation area. There is a 
sustained decrease from the Cambrian through Devonian and corresponding increase from the 




Figure 15. Bar chart showing average depositional rates of tectono-stratigraphic range across 
southern Ozark region. The degree in Arkansas for TS 3 and TS 4 are 0.01 mm/year, and 0.03 
mm/year and 0.04 mm/year for TS 2 and TS 5, respectively. In Missouri, the TS 3 and TS 4 
records are 0.021 mm/year whereas the TS 2 and TS 5 are 0.04 mm/year and 0.001 mm/year, 
respectively. In Oklahoma, the rate is 0.002 mm/year for TS 3 and TS 5, while TS 2 and TS 4 are 
0.01 mm/year and 0.004 mm/year, respectively. 
TECTONOSTRATIGRAPHIC INTERVAL 1 (TS ) – Late Precambrian to Middle Cambrian, > 
1 Ga in Duration. 
The TS 1 group is the least well-known because it comprises mostly the basement 
igneous, metamorphic, and pre-Lamotte sedimentary rocks that are only locally present beneath 
the basal Lamotte-Reagan sandstones, but primarily in the subsurface. The igneous and 
metamorphic basement rocks formed between 1.4 billion and 600 million years ago and are 
exposed in the St. Francois Mountains of southeastern Missouri and the Wichita and Arbuckle 
Mountains of southern Oklahoma (Johnson et al., 1988).  In northern Arkansas, the Mowery 1 
gas well situated in Section 14, Township 10N, and Range 32W in Crawford County penetrated 
about 150 feet of these rocks in northern Arkansas.  Houseknecht and Weaverling (1983) also 
stated that more than 1640 feet of a pre-Lamotte section of carbonates and shales occupied the 
Reelfoot Rift Basin in northeastern Arkansas and southeastern Missouri. According to them, 
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these pre-Lamotte units are the correlative equivalents of the Conasauga (Middle Cambrian) and 
Rome (Lower Cambrian) Formations of the southern Appalachian Mountains.  
TECTONOSTRATIGRAPHIC INTERVAL 2 (TS 2) – Late Cambrian to Early Ordovician, ~ 
19+ Ma Duration. 
The TS 2 interval is dolomite-dominated with a subordinate contribution by secondary 
terrigenous clastic sediment. The TS 2 successions include, in ascending order, the Lamotte, 
Bonnetterre-Davis, Derby-Doerun, Potosi, Eminence, Gasconade, and Roubidoux Formations. 
The names of these units are taken from southeastern Missouri, where the interval is thickest, 
reaching approximately 3075 feet. The TS 2 sequence is discontinuous to absent for most of the 
northeastern Oklahoma region, where 940 feet is the thickest preserved strata (Fig. 15). In 
summary, the minimum and maximum TS 2 thicknesses are 704-1306 feet and 510-2370 feet in 
the northwest and north-central Arkansas, 416-2327 feet and 1390-3075 feet in SE and SW 
Missouri, and 642-940 feet in northeasternmost Oklahoma, Oklahoma, respectively. These 
thicknesses represent a maximum of 35% TS 2 sediment in northcentral Arkansas, 40% in 




Figure 16. The chart of the TS 2 maximum thickest shows a decreasing thickness trend from 
southwest Missouri through northeast Oklahoma. 
 
Figure 17. The minimum and maximum thicknesses of the TS 2 carbonate, sandstone, and shale 
lithotypes in Oklahoma, Arkansas, and Missouri. The lithotype is carbonate-dominated and 




Figure 18. The minimum and maximum percent contribution of the three TS 2 lithotypes 
(carbonates, sandstones, and shales) across the tristate region. 
Carbonate rock represents the most abundant lithotype for the TS 2 interval (Fig. 16). It 
contributed a maximum of 83% of the total TS 2 sediment in Arkansas, 78% in southwestern 
Missouri, and 87% in northeasternmost Oklahoma (Fig. 17). This interval is absent in the 
northeast Oklahoma area (Fig.13). The entire thickness of the Davis through Eminence 
carbonate-dominated units peaked at 1266 feet in northcentral Arkansas, 1475 feet in 
southwestern Missouri, and 350 feet in northeasternmost Oklahoma. Sandstone is also abundant 
in the Missouri area, and becomes volumetrically less in northeast Oklahoma, partly reflecting 
the proximity of the Missouri region to the Ozark uplift that provided the terrigenous sediments, 
and partially to the greater degree of erosion in the Oklahoma area between the Upper Cambrian 
to Early Ordovician time. However, the sandstones contributed a maximum of 23% of the entire 
TS 2 section in northwestern Arkansas, 27% in southeastern Missouri, and 11% 
northeasternmost Oklahoma region (Fig. 17).  
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Shale is rare and sporadically developed, accounting for less than 3% of the total TS 2 
section across the tristate areas. The Lamotte, Gasconade and Roubidoux Formations 
characterize the TS 2 sandstones (Fig. 11). They are first-cycle sandstones and comprise quartz 
arenites, arkose arenites, and lithic arenites. Quartz is the dominant framework grain in this 
interval, consisting of an average 91.49% of rock bulk composition. The framework minerals 
vary from angular to subrounded, poorly to well sorted, coarse silt to pebble sizes. While the 
Lamotte is thickest in the Missouri area, it thins into Arkansas and Oklahoma. Its maximum 
thickness is approximately 53 feet in northcentral Arkansas, 526 feet in southeast Missouri, and 
51 feet in northeast Oklahoma. The boundary with the overlying Davis Formation is 
conformable. The post-Lamotte and pre-Gasconade interval comprise the Davis-Derby-Doerun-
Potosi-Eminence Dolomites (Fig. 11). Their maximum composite thickness is approximately 
1475 feet in southwest Missouri, 1266 feet in northcentral Missouri, and 350 feet in 
northeasternmost Oklahoma. The entire section is absent in the northeastern Oklahoma region. 
The Gasconade has an unconformable contact with the underlying Eminence Dolomite and is 
conformable with the overlying Roubidoux Formation. Its maximum thickness is 810 feet in 
northern Arkansas, 600 feet in southern Missouri, and 346 feet in northeast Oklahoma. 
Subsidence in the Ozark area during the Gasconade deposition produced 810 feet of thickness in 
Arkansas. During the Roubidoux time, the region of southeastern Missouri and northeastern 
Oklahoma preserved the thickest (500 feet) and thinnest (193 feet) sediment, respectively.  
TECTONOSTRATIGRAPHIC INTERVAL 3 (TS 3) - Lower Ordovician-Lower Devonian, ~ 85 
Ma in Duration. 
Deposition of extensive and laterally continuous carbonates and minor fine to coarse 
terrigenous materials continued throughout the region as the area persisted as a passive margin. 
These deposits were moderate to thin and absent on the topographic highs. Emergence and 
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erosion at the onset of the Middle Ordovician and the end of the Silurian and Lower Devonian 
periods separated the sedimentary successions of the TS 3 section by unconformities (e.g., 
Johnson et al., 1988; McFarland, 2004; Bello, 2017 – this volume). The Lower Devonian erosion 
truncated sequences that are as old as Upper Ordovician while Middle and Upper Devonian 
erosion cut into successions that are as old as Lower Ordovician (Johnson et al., 1988). As a 
consequence, the Middle-Upper Ordovician, Silurian, and the Lower Devonian strata are 
sporadically distributed remnants of a more wide-spread distribution across the southern Ozarks 
and may be absent.  
Toward the close of the Silurian, a combination of epeirogenic movements and eustatic 
changes in sea-level produced the Silurian-Devonian unconformity and deposited the Cason-
Brassfield units. As a consequence, the sites of previous carbonate deposition received increased 
volumes of terrigenous sediment. The volume increased during the Late Silurian and abruptly 
into the Devonian across the region. As the Devonian closed, the southern Ozark region entered 
a tectonic quiescence that allowed deposition of the Chattanooga Shale and its deeper water 
equivalent, the Woodford Shale, that were deposited continuously across the Devonian-
Mississippian system boundary across most of the southern Ozark region.  
The TS 3 is the penultimate thickest TS group in the tristate region. The stratigraphic 
units include, in ascending order, the Jefferson City, Cotter, Powell, Everton, St. Peter, Joachim, 
Plattin, Kimmeswick, Fernvale, Cason, St. Clair, Lafferty, and Penters Formations (Fig. 11). 
Sandstones,  shales, and numerous unconformities punctuate the carbonate-dominated TS 3 
sequence. The Middle Ordovician to Lower Devonian formations of northern Arkansas is the 
stratigraphic equivalent of the Simpson, Viola, and Hunton Groups.  
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The Jefferson City, Cotter, Everton, and St. Peter, Clifty are the TS 3 Formations that 
hold sandstones. These sandstones are entirely supermature quartzarenites. Quartz is the most 
abundant framework grain, accounting for 94% to 100% and averaging 98.27% by volume. 
Monocrystalline quartz, which dominates the quartz grains, exhibits straight to undulatory 
extinction. Grains are rounded to well-rounded, frosted, well to very well sorted, and of coarse 
silt to coarse sand size. The polycrystalline quartz contribution is quite small, varying from a 
trace amount to one percent by volume.  
The maximum TS 3 thickness is 2370 feet in northcentral Arkansas, 4125 feet in 
southeast Missouri, where it is thickest, and 764 feet in northeast Oklahoma (Fig. 18). The 
interval contributed up to 35% sediment in northern Arkansas, 48% in southeast Missouri, and 
35% in northeast Oklahoma sediment (Fig. 13). Carbonate is the thickest TS 3 lithotype, 
contributing up to 95% of the TS 3 section in southwest Missouri, 84% in northwest Arkansas, 
and 97% in northeasternmost Oklahoma (Fig. 19). Sandstone abundance is highest in the 
northcentral Arkansas area, reaching 500 feet in the area, and 200 feet in Southwest Missouri and 
106 feet in northeast Oklahoma. These thickness values correspond to 21% maximum TS 3 
section in northcentral Arkansas, 5% in southeast Missouri, and 14% in northeast Oklahoma, 
respectively (Fig. 20). Shale is significantly low in abundance across the region except in 
northeastern Oklahoma, where it is up to 121 feet – an amount that constitutes 16% of the TS 3 
interval in the area. The greatest thickness in Arkansas and Missouri is approximately 68 feet and 
15 feet, respectively. The Cason Shale and its equivalent Sylvan Group make up the shale 
intervals in the southern Ozark region. 
The Jefferson City-Cotter-Powell Formations are predominantly dolomites with very thin 
interspersed sandstones. The units are thicker in northcentral Arkansas, southeastern Missouri, 
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and northeasternmost Oklahoma region. However, there is a general increase in thickness toward 
southeast Arkansas. The Jefferson City Dolomite rests unconformably upon the Roubidoux 
Formation in northern Arkansas. It has a relatively consistent thickness of 373 feet in northwest 
Arkansas, 350 feet in southeast Missouri, and 349 feet in northeasternmost Oklahoma. The 
Cotter is disconformable with the underlying Jefferson City Dolomite (McFarland, 2004). Its 
thickness varies from 60-500 feet in northern Arkansas, 179-459 feet in southern Missouri, and 
85-290 feet in northeast Oklahoma. The Powell has a disconformable relationship with the 
underlying Cotter Dolomite and a thickness of 215 feet in northcentral Arkansas and 325 in 
southeast Missouri.  
 
Figure 19. The TS 3 interval has the same thickness trend as TS 2 – the Missouri-Arkansas-
Oklahoma thining trend. However, the strata preserved in Missouri is thicker in the southeast 




Figure 20. The minimum and maximum thicknesses of the TS 3 carbonate, sandstone, and shale 
lithotypes in Oklahoma, Arkansas, and Missouri. The lithotype is carbonate-dominated and 
absent in the entire NE Oklahoma region. 
 
Figure 21. The minimum and maximum percent contribution of the three lithotypes (carbonates, 
sandstones, and shales) of the TS 3 sediment across the tristate region. There is a significant 
increase of TS 3 carbonate in northwest Arkansas and southern Missouri and northeasternmost 
Oklahoma compared to the TS 2 interval. A slight reduction of carbonate is recorded in north-
central Arkansas and northeast Oklahoma. A corresponding sandstone increase counterbalances 
the carbonate volume reduction. 
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The Everton unconformably overlies the Powell Dolomite and is succeeded by the St. 
Peter Sandstone, and varies in thickness from a sloped edge to approximately 640 feet in 
northcentral Arkansas, where it is thickest. It ranges in thickness from 150 feet in southwest 
Missouri to exactly 400 feet in the southeastern region. The percentage of sandstone in the 
Everton is high, greatest in the north-central area of Arkansas, but absent in both Missouri and 
Oklahoma. The Everton sea was deeper in northwestern Arkansas, Missouri, and Oklahoma 
regions, where predominantly carbonates accumulated compared with northcentral Arkansas 
which mostly contains terrigenous clastic sediment. 
Post-Everton Ordovician TS 3 formations include, in ascending order, the St. Peter 
Sandstone, Joachim Dolomite, Plattin Limestone, Kimmswick Limestone, and Fernvale 
Limestone (Fig. 11). Post-Everton TS3 section represents a comparatively long, continuous 
depositional interval and each Formation is bounded by unconformities, except the contact 
between the Silurian St. Clair and Lafferty Formations. The combined thickness of this sequence 
is a maximum of 1765 feet in southern Missouri, 800 feet in northwest Arkansas, and less than 
115 feet in Oklahoma. These formations are thinnest and of greatest variation in thickness and 
distribution in the Oklahoma and northcentral Arkansas areas compared to their Missouri 
equivalents, and to some degree those in the northwestern Arkansas region. The discontinuous 
nature of the formations might signify shallower post-Everton seas and high order transgressive-
regressive cycles producing local erosion. 
In comparison, the St. Peter Sandstone is 175 feet in northern Arkansas, where it is 
thickest, and 136 feet in southern Missouri and 102 feet (Burgen equivalent) in the northeastern 
Oklahoma region. The unit has an unconformable relationship with the underlying Everton 
Dolomite and gradational, although occasionally unconformable contact, with either the 
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overlying Joachim Dolomite or Sylamore Sandstone (McGowan, 1981). The St. Peter-Joachim 
contact is conformable, but locally, where the Joachim is missing, it exhibits an unconformable 
contact with the overlying younger Ordovician strata.  
The Silurian strata of the TS 3 interval include, in ascending order, the Cason Shale 
(partly Upper Ordovician in age), St. Clair Limestone, and Lafferty Limestone. The interval is 
thickest in the northeasternmost Missouri region (290 feet), where it progressively thins into 
northeastern Oklahoma (225 feet), and northcentral Arkansas (102 feet), where it is thinnest. The 
interval is absent in the northeasternmost Oklahoma region. In Arkansas, specifically, the 
Silurian sequence is thickest in the northwest region, thinner in the northcentral part, and missing 
in the northeasternmost part of the state. The associated limestones have very minimal 
terrigenous clastic material, suggesting deposition on a low-lying, moderately stable platform 
without periodic regressive conditions. The Penters Chert in Arkansas, Frisco - Salisaw 
Formations in Oklahoma, and Bailey-Little Saline Formations in Missouri successions make up 
the Lower Devonian strata of the TS 3 interval. The basal Devonian range has an unconformable 
relationship with the underlying  Middle Ordovician to Silurian layers, and also the overlying 
younger Devonian or Mississippian sequence. Each Devonian unit represents a relatively long 
depositional interval separated by an unconformable surface. The section is thickest in the 
Missouri area, reaching 400 feet, 90 in Arkansas, and 33 feet in Oklahoma, where it is thinnest. 
TECTONOSTRATIGRAPHIC INTERVAL 4 (TS 4) - Middle Devonian-Upper Mississippian, ~ 
70 Ma in Duration. 
The TS 4 range comprises the Clifty, Sylamore, Chattanooga, St. Joe Limestone, 
Bachelor Sandstone Member, Boone Formation and its Members, Moorefield, Batesville-
Hindsville, Wyman, Fayetteville-Wedington, and Pitkin-Imo Formations (in ascending order; 
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Fig. 11). The Clifty Sandstone, Sylamore Sandstone, and Chattanooga Shale comprised the 
Middle-Upper Devonian component of the TS 4 section (Fig. 11). The maximum TS 4 
thicknesses are 2112 feet northwest Arkansas, 1025 feet in northeastern Oklahoma, and 2416 
feet southeast Missouri, where it is thickest (Figure 21). 
The composite thickness of the Middle-Upper Devonian TS 4 sequence is 1522 feet in 
southeast Missouri, where it is thickest, 134 feet in northwest Arkansas, and 90 feet in 
Oklahoma. The TS 4 Devonian rock is thinnest and missing in most of the northcentral region of 
Arkansas and the northeasternmost Oklahoma region. The Clifty is 0-12 feet thick and has a 
disconformable boundary with the underlying Lower Ordovician Powell Dolomite and Everton 
Formation and unconformable contact with the overlying Upper Devonian Sylamore Sandstone 
(Staley, 1962; Arrington, 1962; Hall and Manger, 1977).  
Following the pre-Late Devonian regression, a widespread transgression from the south 
buried the older strata and deposited a blanket of black shale across the southern Ozark region. 
The Chattanooga Shale both ended the record of the Devonian System and ushered in the 
Mississippian System in the tristate area. The shale is laterally persistent across the region and 
ranges in thickness from 10-52 feet and 0-21 feet in the northwest and northcentral Arkansas, 0-
18 feet and 1-30 feet in the southeast and southwest Missouri, and 0-55 feet in the northeastern 
Oklahoma region, respectively. The shale is thicker in the Oklahoma area than the rest of the 
provinces, but the distribution is highly discontinuous and irregular. The underlying basal 
phosphatic Sylamore Sandstone has a disconformable base and conformable top (Ulrich, 1911; 
Hall and Manger, 1977; Staley, 1962; McFarland, 2004). The thickness is uneven, varying from 
a few inches to approximately 70 feet in northwest Arkansas, 14 feet in southwest Missouri, and 
15 feet in northeast Oklahoma.  
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The St. Joe, Boone, Moorefield, Batesville-Hindsville, Fayetteville, and Pitkin 
Formations comprise the Mississippian elements of the TS 4 section. The Mississippian 
sedimentation started with the deposition of the Bachelor Sandstone Member, St. Joe Limestone, 
in northwest Arkansas as a well-oxygenated shallow Kinderhookian sea advanced across the 
area. These sequences are both lateral and discontinuous in the Missouri and Oklahoma area as 
erosion has removed a significant amount. The Mississippian system is thickest in the northwest 
Arkansas region, where it progressively thins into Missouri and Oklahoma. Thicknesses vary 
from 329-1978 to 432-1542 feet in northwestern and northcentral Arkansas, to 473-894 feet to 
339-905 feet in southeastern and southwestern Missouri, and 15-845 feet to 110-837 feet in 
northeastern and northeasternmost Oklahoma, respectively (Fig. 12). The interval contributes a 
maximum of 23% in northern Arkansas, 27% in southern Missouri, and 47% in northeast 
Oklahoma of the entire Paleozoic section (Fig. 13). 
Development of the terrigenous clastic intervals in the region is highly variable to absent 
in most of southern Missouri and northeastern Oklahoma, but thicker and more persistent across 
northern Arkansas (Garner, 1967). Sandstone accounts for up to 38% of the TS 4 interval in 
southeast Missouri, 20% in northcentral Arkansas, and 8% in the Oklahoma region. The volume 
of shale is highest in northern Arkansas and much smaller in southern Missouri and northeastern 
Oklahoma, comprising the maximum of 40% of the total TS4 interval in the northwest Arkansas, 
10% in southwest Missouri, and 5% in northeasternmost Oklahoma (Figs. 22-23). Local 
irregularities in the TS 4 thicknesses possibly reflect post-Boone erosion, which truncated the 




Figure 22. The sediment distribution of TS 4 range shows a slight variation. Though thickest in 
southeast Missouri, the preserved amount in northern Arkansas and northeast Oklahoma is 
higher than volume in southwest Missouri. The change is driven by the increased clastic 
sediment in the Arkansas region, signally a shift in the source area. 
 
Figure 23. The minimum and maximum thicknesses of the TS 4 carbonate, sandstone, and shale 
lithotypes in Oklahoma, Arkansas, and Missouri. The lithotype is carbonate-dominated and 




Figure 24. The minimum and maximum percent contribution of the three lithotypes (carbonates, 
sandstones, and shales) of the TS 4 sediment across the tristate region. 
The sandstones of the Clifty, Sylamore Member, Bachelor Sandstone Member, 
Batesville, Wyman, Wedington, and Imo Member make up the sandstone assemblage of the TS 4 
range. The Devonian sandstones (Clifty and Sylamore Formations) and the Bachelor Sandstone 
Member (earliest Mississippian) are entirely supermature quartzarenites. Quartz makes up the 
most abundant framework grain, accounting for 92% to 100% by volume. The grains are 
rounded to well-rounded, frosted, well to very well sorted, and of coarse silt to coarse sand size. 
The Devonian sandstones are sporadic, thin, lithologically similar, and bounded by 
unconformities across northern Arkansas. The Bachelor Sandstone Member of St. Joe Limestone 
(Kinderhookian, Lower Mississippian) is a transgressive basal unit, usually a shale in 
northwestern Arkansas and northeastern Oklahoma, becoming a sandstone-shale couplet moving 
eastward and northward, reaching up to 15 feet in north-central Arkansas (Thompson and 
Fellows, 1970). The sandstone of the Bachelor Member is the last orthoquartzitic sandstone in 
the record of the southern Ozark region.  
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These Upper Mississippian sandstones (Batesville, Wyman, Wedington, and Imo) exhibit 
significant lithologic variation both regional and vertically, and comprise quartzarenites, 
subarkoses, sublitharenites, and litharenites, but incorporate only a small contribution by 
metamorphic rock fragments. They contain comparatively higher feldspar, heavy mineral, 
polycrystalline quartz, and matrix percentages compared to their older multicycled counterparts. 
The framework grains are quartz-dominated, ranging from coarse silt to coarse sand, angular to 
rounded, and poorly sorted to well sorted. The presence of metamorphic and volcanic rock 
fragments in these sandstones indicates an orogenic unroofing - a change in the source terrane or 
an additional source area, suggesting that the Gondwana subduction beneath the Llanoria was 
undoubtedly ongoing by the Mississippian time (Bello, 2017).   
Carbonates are the dominant TS 4 lithology and thickest in the northeast Missouri (1299 
feet), where it gradually thins out into Arkansas and Oklahoma region. The greatest thicknesses 
in northwest Arkansas and southwest Oklahoma are 1072 feet and 930 feet, respectively (Fig. 
22). The amounts represent a maximum contribution of 86% (NE Oklahoma), 51% (NW 
Arkansas), and 75% (southwest Missouri) of the total TS 4 sediment across the region (Fig. 23).  
The compound thickness of the St. Joe Limestone-Boone interval and their stratigraphic 
equivalent in Missouri and Oklahoma vary from 220-515 feet and 20-420 feet (northwest and 
northcentral Arkansas) to 231-319 feet and 339-785 feet (southeast and southwest Missouri), and 
0-550 feet and 105-544 feet (northeastern and northeasternmost Oklahoma). The Bachelor, 
Compton, Northview, and Pierson Members (northern Arkansas), the Chouteau Group 
undifferentiated and Bachelor Formation (southern Missouri), and the St. Joe Group (northeast 
Oklahoma) constitute the St. Joe interval. Chert development provides a basis for subdivision of 
the Boone Formation into two informal members: a lower range of black to gray, 
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penecontemporaneous chert, and an upper layer of white to light gray, later diagenetic chert. The 
Short Creek Oolite Member, though developed sporadically, represents the only formal member 
of the Boone Formation in Arkansas and Missouri. The undifferentiated Reeds Spring, Elsey, 
Burlington-Keokuk Formations comprise this interval in Missouri and Oklahoma. These 
Mississippian carbonates blanketed the entire tri-state region and prevented the system’s ability 
to recycle older sandstones until after the Boone deposition. The Lower-Middle Mississippian 
section is laterally persistence across northern Arkansas, but discontinuous in Missouri and 
Oklahoma, reflecting the level of tectonic stability in the area. However, the thickest 
development of TS 4 is in the Missouri and Oklahoma regions. 
In northwestern Arkansas, the Moorefield Shale represents a lowstand wedge deposited 
from the Lower Mississippian into the Middle Mississippian (Dalu and others, 2017), although it 
becomes transgressive and may rest unconformably on older Mississippian sections eastward. It 
varies in thickness from 0-100 feet in northwest Arkansas to 0-312 feet in the northcentral 
region, but is absent in both Missouri and Oklahoma, although the name is misapplied to 
limestones in northeastern Oklahoma. Shoreface deposits of the Batesville Sandstone succeed the 
Moorefield conformably in northeast Arkansas, the type area for the Batesville (Gordon and 
Kinney, 1944; Cochran, 1989). Transgressive coeval carbonate and clastic strata (Hindsville 
Limestone and Wyman Sandstone) in northwestern Arkansas rest unconformably on the Lower 
Mississippian Boone Formation in the absence of the Batesville Sandstone,  and are conformable 
with the overlying Fayetteville Shale (Hudson, 1998; McFarland, 2004; Hudson and Turner, 
2009). The TS 4 thickness varies from 10-262 feet in Arkansas to 0-75 feet in both Missouri and 
Oklahoma. In northwesternmost Arkansas, the Batesville interfingered with and yielded to the 
northwesterly oriented pyritic, fossiliferous and oolitic Hindsville Limestone, forming an 
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interfingered carbonate-siliciclastic facies (Figure 2). In this area, the Hindsville is up to 80 feet 
in northwest Arkansas, 32 feet in southeast Missouri, and 93 feet in northeastern Oklahoma. The 
Wyman Sandstone, which occupies the same stratigraphic position as the Batesville Sandstone, 
varies in thickness from 1-12 feet in the northwestern Arkansas region. The unit is absent in 
north-central Arkansas, and in Oklahoma, and Missouri. 
The succeeding Lower Fayetteville Shale covered the Hindsville-Batesville sequence 
with anoxic black muds during maximum flooding. The composite thickness of the Fayetteville 
Shale is 476 feet and 390 feet in the northwest and northcentral Arkansas, 185 feet and 75 feet in 
the northeast and northeasternmost Oklahoma, and 206 feet and 20 feet in the southeast and 
southwest Missouri. A small constructive deltaic system, represented by the Wedington 
Sandstone Member of the Fayetteville Shale, developed in the shallower shelf region of 
northwestern Arkansas, beginning the Fayetteville highstand system. The Wedington thickness is 
up to 104 feet in northwest Arkansas, where it is thickest and absent in both southern Missouri 
and northeasternmost Oklahoma. The top of the Lower Fayetteville Shale represents the 
maximum flooding interval. The Upper Fayetteville Shale succeeds the Wedington Sandstone, 
indicating highstand conditions. Regression produced the Pitkin Limestone that became 
terrigenous clastic dominated (Imo Member) at its top the shelf region, which likely marks the 
Mississippian-Pennsylvanian boundary. The Pitkin is a tempestite of crinozoan grainstones 
deposited by storm events that washed sediments off the midcontinent platform. Fayetteville 
thicknesses are 100 feet in southeast Missouri, 180 feet in northeast Oklahoma, and up to 400 
feet in northern Arkansas. The Imo Sandstone present in the north-central and northeastern 
Arkansas represents an influx of terrigenous clastics as the sequence moved toward lowstand. 
Thicknesses of the interval vary from 14-140 feet in northwest Arkansas to 175 feet in the north-
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central region.  A type 1 unconformity surface marks the Mississippian-Pennsylvanian boundary 
and caps the TS 4 succession. 
TECTONOSTRATIGRAPHIC INTERVAL 5 (TS 5) - Lower-Middle Pennsylvanian, ~ 16 Ma 
in Duration. 
The Lower-Middle Pennsylvanian (TS 5) portion of the Absaroka Sequence, divided into 
the Hale, Bloyd, and Atoka Formations, represents the thickest TS interval, possibly more than 
4160 feet thick in northwest Arkansas, but may reach 25,000 feet in the adjacent Arkoma Basin. 
Before the deposition of the TS 5 interval, uplift at the end of Mississippian exposed the region 
to erosion and subsequent transgressive-regressive cycles deposited the Hale Formation (Cane 
Hill and Prairie Grove Members), Bloyd Formation (Brentwood Limestone, Woolsey Shale-
middle Bloyd Sandstone, Dye Shale-Kessler Limestone), and Atoka Formation (Lower, Middle, 
and Upper Members). These sedimentary successions are cyclic sequences of sandstone and 
shale derived mostly from the Ouachita and Appalachian regions, as well as marginal carbonates 
deposited during maximum flooding periods.  
Just like their TS 4 counterparts, the terrigenous clastics are dominated by first cycle 
sandstones. However, the contribution by metamorphic rock fragments and lithic fractions is 
quite higher, ranging from common to abundant. TS 5 is not preserved in southwest Missouri 
and sporadic to absent across northeasternmost Oklahoma and southeastern Missouri.  Local 
anomalies in the TS 5 thicknesses reflect post-depositional Morrowan and Atokan erosion, which 
removed part of the pre-Pennsylvanian record in the Ozark region and produced the 
Woolsey/middle Bloyd Sandstone-Dye Shale, and Morrowan-Atokan regional unconformities, 
respectively. Consequently, TS 5 strata onlap older rocks toward the Ozark core and 




Figure 25. This TS 5 chart shows a dramatic thickness change, a thining away from northern 
Arkansas into Missouri and Oklahoma regions driven by the influx of clastic materials from the 
Ouachita and the southern Appalachian Mountains. 
 
Figure 26. The minimum and maximum thicknesses of the TS 5 carbonate, sandstone, and shale 
lithotypes in Oklahoma, Arkansas, and Missouri. The TS 5 lithotype is shale-dominated and 
absent in the entire northeastern Oklahoma region. 
55 
 
The TS 5 unit is the thickest TS interval, but represents the least laterally persistent 
tectonostratigraphic group in the tristate region (Figs. 12 and 24). The section in northern 
Arkansas varies in thickness from 300-4160 feet and 120-430 feet in the northwest and north-
central Arkansas, 0-68 feet and absent in southeast and southwest Missouri, and 40-407 feet and 
0-84 feet in the northeast and northeasternmost Oklahoma, respectively. The interval contributed 
the maximum of 43% of the total sedimentary record in northern Arkansas, less than one percent 
in southern Missouri, and 19% in northeastern Oklahoma. Beyond the dissertation region, the 
interval is more than 18,000 feet in the Anadarko Basin, 17,000 feet in the Ardmore Basin, 
15,000 feet in the Marietta Basin, and 25,000 ft in the Arkoma Basin (e.g., Johnson et al., 1988).   
Shale is the thickest lithology in this interval, reaching a maximum thickness of 2263 feet 
in northwest Arkansas, but declining precipitously to less than 20 feet in northeastern Oklahoma 
and 4 feet in southeast Missouri. The TS 5 shale makes up 54% of the interval in Arkansas, 9% 
in Missouri, and 12% in Oklahoma. Although sandstone is thickest and most laterally continuous 
in Arkansas, it is intermittent to absent across both Missouri and Oklahoma. The maximum 
thickness of TS 5 sandstone is 1267 feet in northwest Arkansas, 65 feet in southeastern Missouri, 
and 106 feet in northeastern Oklahoma (Fig. 25). These sandstone thicknesses constitute the 
maximum of 31% (Arkansas), 96% (Missouri), and 26% (Oklahoma) of the TS 5 succession 




Figure 27. The minimum and maximum percent contribution of the three lithotypes (carbonates, 
sandstones, and shales) of the TS 5 sediment across the tristate region. 
Carbonates, which were the dominant lithology in the TS 2 to TS 4 intervals, represent 
the least abundant rock type in the TS 5 group.  It is thickest in the northwestern Arkansas 
region, but much thinner in the northcentral part of Arkansas and northeastern Oklahoma. The 
carbonate units are absent in southern Missouri and rare and discontinuous in northeasternmost 
Oklahoma. The thickness reaches 621 feet in northern Arkansas and 281 feet in northeastern 
Oklahoma, contributing a maximum of 23% and 69% of the total TS 5 sediment in Arkansas and 
Oklahoma, respectively (Figures 25-26).  
The Hale Formation of northern Arkansas and southern Missouri and its stratigraphic 
equivalent - the Sausbee Formation of northeastern Oklahoma - is extensively exposed (Henbest, 
1953; Haley and Hendricks, 1972; Thornton, 1978: McFarland, 2004). The unit sits 
unconformably on the Upper Mississippian Pitkin Limestone or Fayetteville Shale (Manger, 
1971). The Hale Formation thickness ranges from 5-400 feet in northern Arkansas, 0-68 feet in 
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southeast Missouri, and 0-165 feet in northeast Oklahoma. The Cane Hill Member is a sequence 
of sandstone, shale, siltstone, and limestone that disconformably underlies the Prairie Grove 
Member (Manger, 1971), and ranges in thickness from 40-250 feet in northwest Arkansas. The 
Prairie Grove Member conformably underlies the Brentwood Limestone Member of the Bloyd 
Formation and varies in thickness from 47 to 135 feet in northern Arkansas. The Prairie Grove is 
an interbedded sequence of sandstone, shale, limestone and minor oolitic packstone (Manger, 
1971; Wiggins, 1978). The amount of sandstone in the Hale sequence thickens toward 
northcentral Arkansas and southeastern Missouri.  
The Bloyd Formation conformably overlies the Hale Formation and underlies the Atoka 
Formation (Zachry, 1977; Braden and Smith, 2001; Hudson et al., 2001). The Bloyd is an 
interbedded sequence of shale, sandstone, and limestone in northwest Arkansas. The thickness is 
up to 760 feet across northern Arkansas, 212 feet in northeast Oklahoma, and absent in southern 
Missouri. The Bloyd’s Members - the Brentwood Limestone, Woolsey Shale, Dye Shale, and 
Kessler Limestone Members (Henbest, 1953), are divided into lower and upper layers separated 
by the Middle Bloyd Sandstone for this paper. The missing limestone marker beds of the type 
area, northwest Arkansas (Brentwood and Kessler Limestones), are absent in northcentral 
Arkansas (Braden and Smith, 2001).  
The Lower Bloyd Member, as used by the Arkansas Geological Survey, is the 
stratigraphic equivalent of the Brentwood Member, Bloyd Formation in northwest Arkansas. The 
boundary with the underlying Prairie Grove Member of the Hale Formation is conformable and 
placed beneath a shale interval directly above a massive calcareous sandstone of the Prairie 
Grove (Henbest, 1953; Zachry, 1977; Braden and Smith, 2001; Hudson et al., 2001). The upper 
contact with the middle Bloyd Formation is unconformable and often marked by a basal 
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conglomerate. The Woolsey is a coal-bearing shale and siltstone interval laterally equivalent to a 
thick, bluff-forming Middle Bloyd Sandstone in the north-central region of Arkansas. The base is 
unconformable and commonly contains pebble and conglomerate. The dark-gray Dye Shale caps 
the top of the Middle Bloyd (Henbest; 1953; Zachry, 1977; Braden and Smith, 2001).  
The Middle Bloyd is thin to massive, reddish-gray, rippled and cross-stratified sandstone. 
The sandstone has abundant, large-scale trough crossbeds at the base and tabular cross-
stratifications toward the top (Henbest; 1953; Zachry, 1977; Braden and Smith, 2001). 
Occasionally, the crossbeds are overturned and rippled, and both mud drapes and coals are 
present locally. The upper Bloyd member is the stratigraphic equivalent of the Dye Shale and the 
Kessler Limestone Members. It is thin to thick, light to gray sandstone with interbedded clay and 
silty shales (Braden and Smith, 2001; Hudson, 2001). The interbedded shale is dark to black and 
contains an appreciable amount of mica and ripple marks (McFarland, 2004). The sand is of 
coarse silt to granule size, angular to well-rounded, and poorly sorted. 
The Atoka Formation is an alternating sequence of sandstone and shale (Taff and Adams, 
1900). The thicknesses are 3000-25,000 feet in Arkansas, 0-30 in northeastern Oklahoma, and 
absent in southern Missouri. The Lower, Middle and Upper Atoka members of the Atoka 
Formation are separated by regionally mappable intervals of shale or sandstone (Haley and 
others, 1976; Zachry, 1983; Zachry and Sutherland, 1984; McFarland, 2004; Bello, 2012). While 
the Middle Atoka member is syn-depositional with growth faults that are downthrown to the 
south, deposition of the Lower Atoka precedes the initiation of the faults, while the upper Atoka 
member postdates it. 
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The lower Atoka member unconformably overlies the Morrowan Kessler Limestone Member of 
the Bloyd Formation across Arkansas and Oklahoma (Lumsden et al., 1971; Zachry, 1983). 
Actually, in the southern Ozarks, the Trace Creek Shale is the base of the Atoka Formation. 
Seven to eight individual sand bodies that are between 20-200 feet thick and separated by thin 
shale beds in the Arkoma Basin and the Ouachita regions comprised the lower interval (Zachry, 
1983; McFarland, 2004). These are mostly high destructive deltaic systems associated with 
transgressive shallow marine processes that prograded to the south.  
The middle unit conformably overlies the Lower Atoka member and underlies the Upper 
Atoka Formation, and exhibits four to five irregular sandstone intervals in a dominant shale 
sequence in the Arkoma Basin (Zachry, 1983). The thickness is 50 feet in the north and up to 
4000 feet in the Arkoma Basin. This middle section is a subaqueous sandstone that prograded 
gradually from the south onto a subsiding shallow marine shelf in northern Arkansas and was 
transported along strike eastward by longshore currents (Zachry, 1983). Large, syndepositional, 
growth faults are a prominent feature of the Middle Atoka Formation.  
An alternating sequence of sandstone with thick intervals of shale characterizes the Upper 
Atoka Formation (Zachry and Sutherland, 1984). The individual sand bodies are laterally 
continuous, grading upward from deep marine systems to high destructive deltaic deposition 
(Zachry, 1983). The large normal faults that were active in the Middle Atoka time are concealed 
by the Upper Atoka strata, representing the end of faulting activity in the southern Ozark region 
(Buchanan and Johnson, 1968). Coal deposits are common toward the top of the Upper Atoka 
Formation (Zachry, 1983). 
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GEOLOGIC EVOLUTION OF THE REGION 
The Paleozoic sedimentary rocks of the tri-state Ozark region preserve a complete Wilson 
cycle (Houseknecht, 1986; Link and Roberts, 1986; Viele and Thomas, 1989). The sequence 
began with a significant rifting phase that resulted in the opening of a proto-Atlantic Ocean basin 
and the emplacement of igneous and metamorphic rocks between Late Precambrian and Middle 
Cambrian time (Johnson et al., 1988). The igneous and metamorphic rocks and related pre-
Lamotte sedimentary rocks sporadically and unpredictably underlie the region’s sedimentary 
succession and make up tectonostratigraphic interval one (TS 1). Following the rifting, the area 
developed into a passive margin that persisted into the Mississippian time.  
Sedimentation in the region started with the encroachment of the Cambrian seas onto the 
eroded Precambrian-Middle Cambrian surface and deposition of the Upper Cambrian-Lower 
Ordovician TS 2 unit. This deposition began the prolonged, but slow, period of subsidence 
during which more than 9,000 feet of Paleozoic sedimentary rocks accumulated. The 
Lamotte/Reagan sandstone consisted of arkose/litharenite/quartzarenite sands and conglomerates 
eroded from exposed and weathered basement rocks, were reworked in the environments of 
deposition to produce sandstones of the Gasconade and Roubidoux Formations. These 
sandstones interspersed between thick limestones and dolomites that grossly predominate the TS 
2 and TS 3 sedimentary succession (Fig. 11).  
Sedimentation appeared to be comparatively constant throughout into the earliest 
Mississippian as extensive and laterally continuous carbonate rocks were periodically interrupted 
by the deposition of fine to moderately coarse terrigenous sediments. Regressive-transgressive 
cycles were common within the TS 2 interval based on several unconformities: Everton-St. 
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Peter, Fernvale-Cason, Penters-Clifty, Clifty-Sylamore, Chattanooga-St. Joe that punctuated the 
TS 2 sedimentary succession. However, the relative isolation of the region from major tectonic 
forces suggests that these unconformities are partly related to transgressive-regressive episodes 
and partially to structural warpings. Between the Upper Cambrian to Early Mississippian, a total 
of 7970 feet (TS 2, TS 3, and part of the TS 4 section) sediment accumulated in southeast 
Missouri, 4770 feet in northcentral Arkansas, and 980 feet in northeasternmost Oklahoma.
  
Figure 28. Distribution of carbonate across the region. This image confirms the tectonic 
subsidence driven by carbonate sedimentation across the area. The seas were deeper during the 




Figure 29.  Distribution of sandstone across the tri-state regions. The increased sandstone amount 
reveals the importance of clastic contribution by the Ouachita and the southern Appalachian 
Mountains during the Mississippian-Pennsylvanian time (Figure 11). 
Throughout Mississippian time, the area only underwent a slight diastrophism until in the 
Middle Pennsylvanian time when the subduction complex climaxed. But the presence of 
metamorphic rock pieces (Bello, 2017 – this volume), which is suggestive of orogenic unroofing 
of a metamorphic-terrane denotes that some form of orogenic activities were probably underway 
by the Mississippian time. The Lower-Middle Pennsylvanian was a period of crustal turbulence: 
orogeny and rapid subsidence south of the dissertation area. The once tectonically stable passive 
margin experienced a flexure due to vertical loading associated with the subduction complex 
(Dickinson, 1974; 1976). The orogeny affected the Black Warrior Basin of Alabama (Thomas, 
2006) and destroyed the shelf-slope-rise configuration of the area and produced a series of basins 
separated by emergent highlands (Houseknecht and Kacena, 1983; Johnson et al., 1988). It 
segmented the ancestral Ouachita trough into the Black Warrior Basin, Arkoma Basin, and 
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Anadarko Basins. In Arkansas, the flexures and associated loading segmented the pre-existing 
Ozark platform into the present northern Ozark Dome, Arkoma Basin, and Ouachita mountains 
(Fig. 1). The fold and thrust belts of the southern Appalachian and Ouachita Mountains shed 
great detrital TS 5 sediment, which was transported westward and northward onto the Ozark 
platform and adjacent areas. Throughout the Mississippian to Middle Pennsylvanian, the 
southern Ozark shelf remained a site of slow deposition of shallow marine and non-marine 
environments where dominantly terrigenous units were deposited.  
CONCLUSIONS 
1.  The Paleozoic record of the southern Ozark region, northern Arkansas, southern 
Missouri, and northeastern Oklahoma, accumulated on a gently sloping cratonic platform and 
adjacent ramp that experienced transgressive-regressive sequences deposited by epeiric seas, 
including both first-cycle and reworked terrigenous clastic sediments, as well as a blanket of 
shallow-water carbonates. 
2.  Epeirogenic movements and sea-level rise and fall produced regional surfaces of erosion. 
Consequently, the preserved thickness is considerably less than the potential total thickness. The 
most significant preserved thickness across the region are 9692 feet in northwest Arkansas, 8936 
feet in southeast Missouri, and 2393 feet in northeast Oklahoma. It is thickest in northwest 
Arkansas and thinnest in the northeastern Oklahoma. The sediment is carbonate-dominated, 
contributing the maximum of 64% of the total Paleozoic deposit in Oklahoma, 59% in Missouri, 
and 46% in Arkansas. Terrigenous sediments make up the remainder of the record, with 
sandstone and shale contributing the maximum of 18% and 19% in Arkansas, 12% and 2% in 
Oklahoma, and 8% and 6% in Missouri, respectively.  
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3.  The interplay between tectonics (epeirogenic movements) and eustatic change 
(transgressive-regressive cycles) on the geologic record provided the basis for its tectono-
stratigraphic divisions into five distinct but related tectonostratigraphic units (TS 1-TS 5):  Late 
Precambrian-Middle Cambrian (TS 1), Late Cambrian-early Ordovician (TS 2), Lower 
Ordovician-Lower Devonian (TS 3), Middle Devonian-Upper Mississippian (TS 4), and Lower-
Middle Pennsylvanian (TS 5).  
4.  TS 1, Upper Precambrian-Middle Cambrian, a pre-Late Sauk Sequence, is the least well-
known succession, consisting of emplaced igneous, low-ranked metasedimentary bodies and pre-
Lamotte sedimentary rocks.  
5.  TS 2, Upper Cambrian-Lower Ordovician, is a dolomite-dominated interval with a 
secondary terrigenous clastic sediment. The preserved strata are thickest in the southeast 
Missouri (3075 feet), thinnest in the southeast Missouri (416 feet), and absent in northeast 
Oklahoma, contributing the maximum of 35% in northcentral Arkansas, 40% in southwest 
Missouri, and 39% in northeasternmost Oklahoma of the total TS deposit. Carbonate rock is the 
most abundant TS 2 lithotype, contributing the maximum of 83% of the total TS 2 sediment in 
Arkansas, 78% in southwestern Missouri, and 87% in northeasternmost Oklahoma. This interval 
is absent in the northeast Oklahoma area. The sandstones of the TS 2 range are composed of 
litharenites, arkoses, subarkoses, sublitharenites, and quartzarenites. They contributed the 
maximum of 11% (northeasternmost Oklahoma), 23% (northwestern Arkansas), and 27% 
(southeastern Missouri) of the total TS 2 sediment. 
6.  TS 3, Lower Ordovician-Lower Devonian, is the penultimate thickest TS group across 
the tristate region. The interval is laterally extensive and carbonate-dominated with interbedded 
fine to coarse supermature orthoquartzite sandstones and unconformities punctuations.  It is most 
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abundant in southeast Missouri (4125 feet) and thinnest in northeast Oklahoma (85 feet), 
contributing the maximum of 35% sediment in northern Arkansas, 48% in southeast Missouri, 
and 35% in northeastern Oklahoma of the entire TS sediment. Carbonates predominate the 
interval, accounting up to 95% in southwest Missouri, 84% in northwest Arkansas, and 97% in 
northeasternmost Oklahoma. Sandstone abundance is highest in the northcentral Arkansas area, 
reaching 500 feet thick, 200 feet in southeast Missouri, and 106 feet in northeast Oklahoma. The 
thickness values correspond to the maximum of 5% in Southeast Missouri, 21% in northcentral 
Arkansas, and 14% in northeastern Oklahoma. Shale is significantly low in abundance except in 
the northeast Oklahoma, where it reaches 121 feet – an amount that constitutes 16% of the 
maximum TS3 sediment. The highest thicknesses are 68 feet in northcentral Arkansas and 15 
feet in southeast Missouri.  
7.  TS 4, Middle Devonian-Upper Mississippian, is the thinnest TS segment across the 
region. The division is lateral and discontinuous in the Missouri and Oklahoma area as erosion 
has removed a significant portion. This interval is thickest in the southeast Missouri (2416 feet) 
and tiniest in northeast Oklahoma (15 feet), contributing the maximum of 23% in northern 
Arkansas, 27% in southeast Missouri, and 47% in northeastern Oklahoma of the total TS 
sediment. Carbonate rocks dominated the TS4 deposit and comprised the 91% (northeastern 
Oklahoma), 51% (northwestern Arkansas), and 75% (southwestern Missouri) of the maximum 
TS 4 deposit. Sandstone lithotype makes up 20% in southeastern Missouri, 19% in northcentral 
Arkansas, and 9% in the northeastern Oklahoma of the total TS 4 deposit.  
8.  TS 5, Lower-Middle Pennsylvanian, is the thickest TS interval, but the least laterally 
persistent tectonostratigraphic unit in the region. The range is thickest in northwest Arkansas 
(4160 feet) and discontinuous to absent in Missouri and Oklahoma, contributing 4the maximum 
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of 3% TS 5 sediment in northern Arkansas, 19% in northeastern Oklahoma, and less than one 
percent in southern Missouri. The TS 5 section is not present in southwest Missouri and sporadic 
to absent across northeast Oklahoma and southeastern Missouri. Local anomalies in the TS 5 
thickness are the result of post-depositional Morrowan and Atokan erosion, which removed some 
part of Mississippian and Pennsylvanian strata in the southern Ozark region.  
REFERENCES 
Arrington, J. L., 1962, The Geology of the Rogers Quadrangle, Benton County, Arkansas: 
 Unpublished Master of Science thesis, University of Arkansas, 61 p. 
 
Bello, E. C., 2012, Diagenesis and Reservoir Characterization of the Pennsylvanian middle 
 Atoka  Formation, Sebastian and Logan Counties, West-Central Arkansas:  Unpublished 
 Master of Science thesis, University of Arkansas, 96 p. 
 
Bello, E. C., 2016, Lithologic character on the Paleozoic sandstone succession, southern Ozark 
region, Arkansas, and Missouri: Journal of the Arkansas Academy of Science, v. 70, p. 
40-44.  
 
Braden, A. K. and Smith, J. M., 2001, Geologic map of the Fort Douglas Quadrangle, Newton, 
 Pope, and Johnson Counties, Arkansas. Retrieved from Arkansas Geological Survey: 
 http://www.geology.ar.gov/maps_pdf/geologic/24k_maps/Fort%20Douglas.pdf 
 
Bretz, J. H., 1965, Geomorphic history of the Ozarks of Missouri, v. XLI, 2nd Series:
 Missouri Geological Survey and Water Resources, 147 p. 
 
Buchanan, R. S. and Johnson, F. K., 1968, Bonanza Gas Field - A Model for Arkoma Basin 
Growth Faulting, in Cline, L. M., (ed.), A Guidebook to the Geology of the Western 
Arkoma Basin and Ouachita Mountains, Oklahoma: Oklahoma City Geological Society, 
Guidebook for AAPG-SEPM Annual Meeting, p. 75-85. 
 
Chinn A. A. and Konig, R. H., 1973, Stress Inferred from Calcite Twin Lamellae in Relation to 
 Regional Structure of Northwest Arkansas: Geological Society of America Bulletin, v. 
 84, no. 11, p. 3731-3736. 
 
Cleaves, A. W., and Broussard, M. C. 1980. " Chester and Pottsville depositional systems, 
outcrop and subsurface, in the Black Warrior Basin of Mississippi and Alabama." Gulf 
Coast Association of Geological Societies Transactions 30 49-59. 
 
Cochran, T. L., 1989, Petrology of the Batesville Sandstone (Mississippian), northern 




Croneis, Carey, 1930, Geology of the Arkansas Paleozoic area with special reference to oil 
 and gas possibilities: Arkansas Geological Survey, Bulletin 3, 115 p. 
 
Dalu, Obiora, Coffey, W.S., and Manger, W.L., 2017, Age and Correlation of the Moorefield 
 Shale  (Upper Mississippian) in its Type Area, Northeastern Arkansas: Journal of the 
 Arkansas Academy of Science, v. 70, p. 77-81. 
 
Dickinson, W. R., 1974, Plate tectonics and sedimentation, in Dickinson, W. R. (ed.),
 Tectonics and sedimentation: Society of Economic Paleontologists and Mineralogists, 
 Special Publication 22, p. 1-27. 
 
Dickinson, W. R., 1976, Plate tectonics and hydrocarbon accumulations: American  
 Association of Petroleum Geologists, Course Notes, No. 1. 62 p. 
 
Ervin, C. P., and McGinnis, L. D. 1975,  Reelfoot Rift: reactivated precursor to the Mississippi 
 Embayment: Geological Society of America Bulletin, v. 86, p. 287-1295. 
 
Garner, H. F., 1967, Moorefield-Batesville Stratigraphy and Sedimentation in Arkansas: 
 Geological Society of America Bulletin, v. 78, no. 12, p. 1233-1246. 
 
Gordon, Mackenzie, Jr, and Kinney, D. M., 1944, Geologic Map and Structure Sections of the 
Batesville District, Independence County, Arkansas: U. S. Geological Survey, Oil and 
Gas Investigation Series, Preliminary Map 12 
 
Grotzinger, John, and Jordan, T. H., 2010, Understanding Earth: Macmillian Inc., 672 p. 
 
Haley, B. R., Glick, E. E., Bush, W. V., Clardy, B. F., Stone, C. G., Woodward, M. B., and 
Zachry, D. L., Jr., 1976 (revised 1993), Geologic Map of Arkansas:  Arkansas Geological 
Commission, scale 1: 500,000. 
 
Haley, B. R., and Hendricks, T. A., 1972, Geology of the Van Buren and Lavaca Quadrangles, 
Arkansas-Oklahoma: Arkansas Geological Commission, Information Circular 20-I, 41 p. 
 
Hall, J. D., and Manger, W. L., 1978, Devonian sandstone lithostratigraphy, northern  
 Arkansas: Arkansas Academy of Science Proceedings, v. 31, p. 47-49. 
 
Henbest, L. G., 1953, Morrow Group and lower Atoka Formation of Arkansas: American 
 Association of Petroleum Geologists Bulletin, v. 37, no. 8, p. 1935-1953. 
 
Houseknecht, D. W., 1986, Evolution from passive margin to foreland basin: the Atoka 
Formation of the Arkoma Basin, south-central U.S.A., in Allen, P. A., and Homewood, 
P., (eds.), Foreland basins: Boston, Blackwell Scientific Publications, International 
Association of Sedimentologists, Special Publication 8, p. 327-345. 
 
Houseknecht, D. W., and Kacena, J. A., 1983, Tectonic and Sedimentary Evolution of the 
Arkoma Foreland Basin, in Houseknecht, D.W. (ed.), Tectonic-Sedimentary Evolution of 
68 
 
the Arkoma Basin: Society of Economic Paleontologists and Mineralogists, Midcontinent 
Section, Special Publication 1, p. 3-33. 
Houseknecht, D. W., and Weaverling, P. H., 1983, Early Paleozoic sedimentation in Reelfoot 
 Rift (abs.): 12th Annual Meeting of the Eastern Section, American Association of 
 Petroleum Geologists, v. 67, p. 1456. 
 
Howe, W. B., and Koenig, J. W., 1961, The stratigraphic succession in Missouri. Missouri  
 Geological Survey and Water Resources, volume XL, 35 p. 
 
Hudson, M. R., 1998, Geologic Map of parts of the Gaither, Hasty, Harrison, Jasper, and Ponca  
 Quadrangles, Boone and Newton Counties, northern Arkansas: U. S. Geological Survey,   
 Denver, Open-file Report 98-116. 
 
Hudson, M. R. and Turner, K. J., 2009, Geologic map of the St. Joe Quadrangle, Searcy and 
 Marion Counties, Arkansas. Arkansas U.S. Geological Survey: 
 http://pubs.usgs.gov/sim/3074/downloads/SIM3074.pdf 
 
Hudson, M. R., Murray, K. E., and Pezzutti, D., 2001, Geology of the Jasper Quadrangle 
 Newton and Boone Counties, Arkansas. U.S.G.S. Miscellaneous Field Studies Map MF- 
 2356.  
 
Huffman, G. G., 1951, Geology of the Ozark uplift, northeastern Oklahoma. Oklahoma Geol. 
 Sur. Bull. 77, 281 p. 
 
Johnson, K. S., Amsden, T. W., Denison, R. E., Dutton, S. P., Goldstein, A. G., Rascoe, Bailey, 
Jr., Sutherland, P. K., and Thompson, D. M., 1988, Geology of the Southern 
Midcontinent Region, in Sloss, L. L., (ed.), Sedimentary Cover – North American 
Craton: U.S., The Geology of North America, v. D-2, p, 307-360. (also published as 
Oklahoma Geological Survey, Special Publication 89-2, 53 p.) 
 
Link, M. H., and Roberts, M. T., 1986, Pennsylvanian paleogeography for the Ozarks, Arkoma, 
and Ouachita basins in east-central Arkansas, in Stone, C. G., and Haley, B. R., (eds.), 
Sedimentary and igneous rocks of the Ouachita Mountains of Arkansas, part 2: Arkansas 
Geological Commission, Guidebook 86-3, p. 37-60. 
 
Lumsden, D. N., Pittman, E. D., and Buchanan, R. S., 1971, Sedimentation and petrology of 
 Spiro and Foster Sands (Pennsylvanian), McAlester basin, Oklahoma: American 
 Association of Petroleum Geologists Bulletin, v. 55, no. 2, p. 254-266. 
 
Manger, W. L., 1971, The Stratigraphy of the Hale Formation (Morrowan) in its type region, 
 northwestern Arkansas: unpublished Ph.D. dissertation, University of Iowa, 187 p. 
 
Manger, W. L., Zachry, D. L., and Garrigan, M. L., 1988, An Introduction to the Geology of 




Mars, J. C., and Thomas, W. A. 1999. Sequential filling of a late Paleozoic foreland basin. 
Journal of Sedimentary Research 69 1191-1208. 
 
McFarland, J. D., 2004, Stratigraphic summary of Arkansas: Arkansas Geological Commission, 
Information Circular 36, 39 p. 
 
McGowan, M. F., 1981, A structural and stratigraphic study of a portion of the Batesville 
 Manganese District, Arkansas. Unpublished Master of Science Thesis, University of 
 Arkansas, 73 p. 
 
McKnight, E. T., and Fischer, R. P., 1970, Geology and ore deposits of the Picher Field, 
 Oklahoma, and Kansas. Geol. Sur. Professional Paper 588, 170 p. 
 
Medlicott, H. B., 1875, Note on the geology of Nepal. Records of the Geological Survey of 
 India, v. 8, pt. 4, p. 93-101. 
 
Neuendorf, K. K. E., Mehl, J. P., Jr., and Jackson, J. A., 2011, Glossary of Geology, Fifth 
 Edition, Revised: American Geosciences Institute, 783 p. 
 
Owen, D. D., 1847, Preliminary report of the geological survey of Wisconsin and Iowa., in U.S. 
General Land Office Report 1847. Washington, D.C. 30th Congress, 1st session, Senate 
Executive Document 2, Congressional Serial Set Volume 504. p. 160–174.  
 
Pasteris, J. D., 2014, A geologic and historic look at lead mining in southeast Missouri. 
 GeoRaman field trip guide. Department of Earth and Planetary Sciences, Washington 
 University, St. Louis, Missouri., 25 p. 
Sheldon, M. G., 1954, Sample descriptions, and correlations for selected wells in northern 
 Arkansas. Arkansas Resources and Development Commission, information cir. No. 17, 
 222 p. 
Simms, J., Simms, F., and Suneson, N. H., 1995, The geology of the southwestern Ozark Uplift: 
An introduction and field-trip guide - Prepared for the Fall Field Meeting of the 
Oklahoma.  Academy of Science. Camp Egan, Tahlequah, Oklahoma, September 29-30, 
October 1. (Open File 6-95, Oklahoma Geological Survey website)   
 
Staley, G. G., 1962, The Geology of the War Eagle Quadrangle, Benton County, Arkansas: 
Unpublished Master of Science thesis, University of Arkansas, 56 p.  
 
Stapor, F. W., and Cleaves, A. W. 1992. Mississippian (Chesterian) sequence stratigraphy in the 
Black Warrior Basin; Pride Mountain formation (lowstand wedge) and Hartselle 
sandstone (transgressive systems tract). Gulf Coast Association of Geological Societies 
Transactions 42 683-696. 
 
Taff, J. A., and Adams, G. I., 1900, Geology of the Eastern Choctaw Coal Field Indian Territory: 




Thomas, W. A. 1972. "Regional Paleozoic stratigraphy in Mississippi between Ouachita and the 
Appalachian Mountains." American Association of Petroleum Geologists Bulletin 56 81-
106. 
 
Thomas, W. A., 2006, Tectonic inheritance at a continental margin: GSA Today, v. 16, no. 2, p. 
 4-11. 
 
Thompson, T. L., and Fellows, L. D., 1970, Stratigraphy and conodont biostratigraphy of 
 Kinderhookian and Osagean rocks of southwestern Missouri and adjacent areas: Missouri 
 Geology Survey and Water Resources, Report of Investigations 45, 263 p. 
 
Thornton, J. P., 1978, Stratigraphy and petrology of sand units near the base of the Atoka 
 Formation, Crawford County, Arkansas. Unpublished Master of Science thesis, 
 University of Arkansas, 96 p. 
 
Ulrich, E. O., 1911, Revision of the Paleozoic Systems: Bulletin of the Geological Society of 
 America, v. 22, p. 281-680. 
 
Viele, G. W., and Thomas, W. A., 1989, Tectonic Synthesis of the Ouachita Orogenic Belt, in 
Hatcher, R. D., Thomas, W. A., and Viele, G. W. (Eds.), The Appalachian-Ouachita 
Orogen in the United States:  The Geology of North America, Decade of North American 
Geology, v. F-2, p. 695-728.  
 
Waite, Lowell, and Gilcrease, Roger, 2002, Phanerozoic Cycles and Events: Pioneer Natural 
Resources, Dallas, Texas, chart. 
 
Welch, S. W. 1978. Mississippian rocks of the Black Warrior Basin - A field guide. Mississippi 
Geol. Survey, 17th Annual Field Trip Guidebook, Jackson, MS 79. 
 
Wiggins, W. D., 1978, Sedimentary petrology of the Hale Formation, Madison County, 
 northwest Arkansas. Unpublished Master of Science thesis, Tulane University, New 
 Orleans, 83 p. 
 
Zachry, D. L., Jr., 1977, Stratigraphy of middle and upper Bloyd strata (Pennsylvanian, 
Morrowan) northwestern Arkansas, in Sutherland, P. K. and Manger, W. L. (Eds.), Upper 
Chesterian-Morrowan stratigraphy and the Mississippian-Pennsylvanian boundary in 
northeastern Oklahoma and northwestern Arkansas: Oklahoma Geological Survey, 
Guidebook 18, p. 61-66. 
 
Zachry, D. L., Jr., 1983, Sedimentologic framework of the Atoka Formation, Arkoma Basin, 
Arkansas, in Houseknecht, D. W. (ed.), Tectonic-Sedimentary Evolution of the Arkoma 
Basin:  Society of Economic Paleontologists and Mineralogists, Midcontinent Section, v. 
1, p. 34-52. 
 
Zachry, D. L., Jr., and Sutherland, P. K., 1984, Stratigraphy and depositional framework of the 
Atoka Formation (Pennsylvanian), Arkoma Basin of Arkansas and Oklahoma, in 
71 
 
Sutherland, P.K. and Manger, W.L. (eds.), The Atokan Series (Pennsylvanian) and its 
















































THE SOURCE AND DELIVERY CONUNDRUM FOR PALEOZOIC SANDSTONES, 
SOUTHERN OZARKS, TRI-STATE REGION, ARKANSAS, MISSOURI, AND 
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Sandstone successions of the Paleozoic Era in the southern Ozark tri-state region, 
northern Arkansas, southern Missouri, and northeastern Oklahoma, record five distinct, but 
related, intervals characterized by 1) Upper Cambrian arkoses resting unconformably on 
Precambrian granite; 2) Lower Ordovician reworking to subarkoses, sublitharentites, and 
quartzarenites; 3) Lower Ordovician to Lower Mississippian reworking to orthoquartzites; 4) 
Upper Mississippian first cycle sandstones with few metamorphic rock fragments (mrfs); 5) 
Lower Pennsylvanian (Morrowan) first cycle sandstones with common mrfs and Middle 
Pennsylvanian (Atokan) first cycle sandstones with common to abundant mrfs. Deposition of 
cratonic sandstones, shales and limestones produced a composite thickness of more than 9600 
feet, with sandstones, including arkoses, first cycle quartzarenites, supermature orthoquartzites, 
and MRF-bearing litharenites, representing nearly 40% of the Paleozoic record.    
These sandstones accumulated across a gently sloping, cratonic platform, the Northern 
Arkansas Structural Platform (NASP), deposited by transgressive-regressive epeiric seas. The 
Upper Cambrian arkosic Lamotte Formation, typically with a basal conglomerate, was derived 
from the Precambrian granite basement that eventually cored the Ozark Dome, but may possibly 
reflect an additional source from the Canadian Shield to the north, with transportation across 
what became the Illinois Basin onto the southern cratonic margin. The subarkoses, 
sublitharenites, and quartzarenites of the Lower Ordovician Gasconade and Roubidoux 
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Formations reflect the local reworking of the Lamotte and contemporaneous intervals exposed to 
mechanical abrasion, chemical weathering, and protracted exposure to dynamic depositional 
environments that modified and eliminated unstable component grains. The appearance of 
orthoquartzitic sandstones in the Early Ordovician, that continued to characterize the Ozark 
section into the basal Early Mississippian, reflect regional reworking during repeated cycles of 
epeirogenic upwarp and downwarp that stimulated transgressive-regressive cyclicity by epeiric 
seas. The return to first cycle sandstones of the Late Mississippian and into the Pennsylvanian 
probably reflect the unroofing of the Nemaha Ridge locally, and transport systems from the 
southern Appalachian Mountains regionally. The increase in sediment production indicates 
increased tectonism and favorable climatic conditions that are reflected by decreased 
compositional maturity. 
INTRODUCTION 
Paleozoic strata of the southern Ozark province, northern Arkansas, southern Missouri, 
and northeastern Oklahoma, were deposited across a gently sloping, cratonic platform, the 
Northern Arkansas Structural Platform (NASP) (Chinn and Konig, 1973) by transgressive-
regressive, epeiric seas. Limestones and shales dominate the composite thickness of more than 
9600 feet, but sandstones, including arkoses, first cycle quartzarenites, supermature 
orthoquartzites, and a series of MRF-bearing litharenites, represent nearly 40% of the Paleozoic 
record. The Ozark Dome is often cited as a terrigenous clastic source area, which it was for the 
Cambrian-lowest Ordovician section, but not in the remaining intervals, particularly the MRF-
bearing litharenites of the Mississippian-Pennsylvanian section. A blanket of Lower 
Mississippian carbonate rocks, the thickest post-Ordovician/pre-Atokan (Middle Pennsylvanian 
interval), ended the reworking of the Upper Cambrian-basal Lower Mississippian section. The 
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problem of identifying the source area for the Upper Mississippian-Pennsylvanian terrigenous 
clastic interval is further complicated by the conundrum of the delivery direction for those 
terrigenous clastic sediments represented by that succession.  Previous paleogeographic 
interpretations (e.g., Sloss, Dapples, and Krumbein, 1960; Shell Oil Company, 1975; 
Houseknecht and Kacena, 1983) typically suggest north-south delivery, yet this argument lacks 
an apparent source because of the Lower Mississippian carbonate blanket. Furthermore, detrital 
chert, which should have been generated through erosion of that thick, Lower Mississippian 
section, is not particularly common in the Late Mississippian-Pennsylvanian interval across the 
southern Midcontinent. Additionally, north-south distribution is frequently assigned to deltaic 
sedimentation (e.g., Houseknecht, 1983; Houseknecht and Kacena, 1983) for which there is little 
evidence, and would be particularly challenging to reconcile with the lack of source and no 
apparent evidence for the fluvial component of its distribution.  As will be discussed, sandstone 
bodies for which there is some evidence of delivery direction suggest either east-west 
(Batesville, Morrowan-Atokan interval) or west-east (Wyman, Wedington), but both those paths 
also present interpretative problems of their own.  
REGIONAL LITHOSTRATIGRAPHY 
Shallow marine deposits, mostly carbonates and interbedded marine shale and sandstone 
sequences were emplaced by epeiric seas that transgressed and regressed across the interior of 
the North America craton during the Paleozoic.  Periodic diastrophism, structural uplift, and 
associated subsidence exerted extensive, but moderate influence on those sedimentary 
successions, which were laterally continuous and remained mostly flat-lying or gently dipping 
until Pennsylvanian orogenic activity began to segment the southern craton margin, producing 
elevated highlands, deep basins, and related platforms.  
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The lithostratigraphy of the southern Ozark Province can be grouped by gross lithology 
into six regional lithofacies intervals based on sandstone development.  These are: 1) Late 
Cambrian - first cycle arkoses-litharenites, 2) Early Ordovician reworked 
subarkoses/sublitharenites/quartzarenites interbedded with dolomites, 3) Middle Ordovician to 
Early Mississippian – orthoquartzites interbedded with limestones and subordinate shales; 4) late 
Early Mississippian to Latest Mississippian – first cycle sandstones with few metamorphic rock 
fragments (mrfs), limestones, and shales; 5) basal Pennsylvanian to Latest Early Pennsylvanian - 
first cycle sandstones with common metamorphic rock fragments (mrfs), and subordinate 
limestones; 6) Middle Pennsylvanian - first cycle sandstones with abundant (mrfs) and 
significant thicknesses of shales (Bello, 2017; Figure 1).    
LATE CAMBRIAN - FIRST CYCLE ARKOSE-LITHARENITES-QUARTZARENITES  
The first cycle arkoses, litharentites, and quartzarenites succeeding a basal conglomerate 
comprise the Upper Cambrian Lamotte Formation, which rests on the Precambrian granite which 
cores the Ozark Dome. The Lamotte varies from poorly to moderately sorted, sand to gravel size 
grains that are rounded to angular (Ojakangas, 1963). Houseknecht (1975) divided the Lamotte 
sandstones into three main lithologies: 1) feldspathic with significant quantities of 
polycrystalline quartz, potassium feldspar, plagioclase feldspar, and plutonic rock fragments 
derived from local granites; 2) a lithic type with substantial amounts of volcanic rock fragments 
sourced from local felsites; 3) a quartzose group containing well-rounded monocrystalline quartz 
grains that have a reworked sedimentary source. The thickness of the Lamotte is 100 feet in 
western Missouri to approximately 500 feet in the eastern part of the state (Howe and Koenig, 
1961). The Lamotte Sandstone and its unconformity with the underlying Precambrian granites 
are well exposed in the St. François Mountains of southeastern Missouri, and they are also 
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encountered in the subsurface of the tristate region, Oklahoma, Missouri, and Arkansas, 
suggesting nearly blanket development. 
EARLY ORDOVICIAN REWORKED SUBARKOSES,  SUBLITHARENITES, AND 
QUARTZARENITES WITH INTERBEDDED DOLOMITES  
Sequences of shallow marine dolomites with minor interbedded thin quartzarenitic 
sandstones and minor shales dominate the succession of Early Ordovician strata across the tri-
state area. Lithostratigraphically, the section in the tri-state area is divided into (ascending order) 
the Davis, Derby-Doerun, Potosi, Eminence, Gasconade, Roubidoux, and Jefferson City 
Formations (Figure 1). This nomenclature reflects the excellent exposures across southern 
Missouri, which are the type areas for this succession (Howe and Koenig, 1961).  These 
sedimentary strata were deposited nearly continuously until the approaching close of the Early 
Ordovician. The tri-state section is the lithostratigraphic equivalent of the Arbuckle Group 
recognized primarily in Oklahoma and Kansas (Houseknecht and Kacena, 1983). These rocks are 
also well exposed in central Texas, southern Oklahoma, and in the St. Francois Mountains of 
southeastern Missouri, but not in Arkansas, where regional southerly dip takes the section into 
the subsurface.  The interval thickens from generally less than 240 feet in northeast Oklahoma to 
3075 feet in southwest Missouri (Bello, in press).  Well-developed sandstones of the Gasconade 
and Roubidoux Formations lose their feldspar component and become finer grained, deposited 
initially as subarkoses and sublitharenites, becoming quartzarenites higher in the succession. 
This succession suggests a reworking of the exposed upper Lamotte Sandstone and younger 
unnamed sandstone intervals associated with contemporaneous carbonate depositional intervals 






Figure 1. Stratigraphic summary of Paleozoic Section of northern Arkansas. Nomenclature, age 
assignments, and average thicknesses are compiled from Howe and Koenig (1961), Haley and 
Frezon (1965), McFarland (2004) with some modifications by the author. Red and blue dotted 
lines represent craton-scale and local unconformities respectively. Yellow boxes denote 
formations that are entirely or mostly sandstones (Bello, 2017). 
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LATEST EARLY ORDOVICIAN TO EARLIEST MISSISSIPPIAN REWORKED 
ORTHOQUARTZITES 
The Latest Early Ordovician to earliest Mississippian interval of southern Ozark region 
includes, ascending order, the Cotter (Early Ordovician), Powell, Everton, St. Peter, Joachim, 
Plattin (Middle Ordovician), Kimmeswick, Fernvale (Late Ordovician), Cason, Brassfield, St. 
Clair, Lafferty (Silurian undifferentiated), Penters (Early Devonian), Clifty (Middle Devonian), 
Chattanooga with basal Sylamore Member (Upper Devonian), and the Bachelor Member, St. Joe 
Limestone (Early Mississippian) and their lateral equivalents (Figure 1).  Most of the type areas 
for these intervals are in the tri-state area, but equivalent strata are extensively distributed, 
laterally continuous, and represent the thickest interval in the Paleozoic record of the southern 
Ozarks, ranging from a minimum of 85 feet in northeast Oklahoma to more than 5600 feet in 
southeastern Missouri, with the greatest thickness of 2406 feet in northcentral Arkansas (Bello, 
in press). The distribution and thickness of this succession suggest that the Latest Early 
Ordovician through Earliest Mississippian seas were deeper and sea level more stable across 
what is now Missouri since the component formations of this interval are thicker there than their 
equivalents across Arkansas and Oklahoma. It is also possible that deposition of the component 
units could have been more equal, but pre- and post-depositional erosion may have been a factor.  
For example, the unconformity surfaces that separate the Middle Ordovician-Devonian 
formations of the succession (Figure 1) from each other have left behind occasional outliers and 
other erosional remnants, indicating a more widespread initial distribution across the region than 
currently exists (Howe and Koenig, 1961). 
Unlike the Earliest Ordovician record comprising shallow marine, fine-grained dolomites 
with scattered interbedded thin, first cycle to quartzarenitic sandstones and subordinate shales, 
the succeeding sandstones of the Latest Early Ordovician through Early Mississippian units 
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(Cotter through Bachelor Sandstone Member, St. Joe Limestone), are typically supermature 
orthoquartzites of variable grain sizes and sorting. The carbonates are fossiliferous, preserving 
invertebrates including most commonly rugose corals, articulate brachiopods, stromatoporoids, 
and a variety of bryozoans (Sloss, 1963; Johnson et al., 1989; McFarland, 2004).  Bedding varies 
from thin to massive, and lithologies reflect facies that typically grade laterally into each other. 
The Everton Formation is the only unit divided into members (Figure 1), unconformably overlies 
either the Cotter or Powell Dolomite, and is usually unconformably succeeded by the St. Peter 
Sandstone.  The St. Peter is an orthoquartzite composed of medium sand to silt-size quartz with 
variable development of carbonate cement.  It is conformable with the overlying Joachim 
Dolomite, but where the Joachim is absent, the St. Peter is unconformably overlain by younger 
Ordovician formations. Occasionally, the St. Peter is absent, and younger Ordovician rocks 
unconformably overlie the Everton Formation. The post-St. Peter, Joachim-Fernvale Middle-
Late Ordovician) interval is of limited areal extent, comprising sequences of limestone and chert, 
with minor sandstone and shale (McFarland, 2004).  The succession reflects repetitive 
epeirogenic movements and relative sea-level change (Bello, in press). 
The Silurian record of the southern Ozark region is mostly limestone with limited 
regional distribution. The Cason Shale/Formation is highly variable lithologically, including 
sandstone, shale, and oolitic limestone, much of it phosphatic, and it likely spans the Late 
Ordovician-Silurian boundary, although it is usually assigned to the Early Silurian (McFarland, 
2004).  The succession may include both conformable and unconformable relationships that vary 
regionally, but the basal Cason Shale contact is uniformly regarded as an unconformity 
(McFarland, 2004).  The post-Cason record is represented by the Brassfield, St. Clair, and 
Lafferty Limestones (ascending order), which may represent a condensed, but potentially 
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complete, Silurian record through its potentially 200+ feet, although typically exposures are 
about a third or less of that thickness, and incomplete successions are typical of the interval 
(McFarland, 2004).  The component limestones usually reflect high energy deposition, that 
shallow upward.  The Brassfield and St. Clair Formations are highly fossiliferous, while the 
Lafferty Limestone is a micrite and usually bright red.  Each is developed sporadically, and are 
apparently restricted to the eastern portion of the NASP.  
Early through Late divisions of the Devonian System are represented by the  Penters 
Chert (Early Devonian), Clifty Sandstone (Middle Devonian), and Chattanooga Shale (Late 
Devonian) with the Sylamore Sandstone as a basal member, each unconformity-bounded.  
Exposures of the Penters are found only in the southeastern portion of the tri-state region, 
although it is more extensively developed in the subsurface across the southern Ozarks (Boyce, 
2007).  The Penters is unconformity-bounded and exhibits patches of dolomite and limestone 
supporting the conclusion that it is probably a replacement product (Boyce, 2007).  A significant 
volume of orthoquartzitic sand was transported into the northwestern portion of the southern 
Ozarks as the Clifty Sandstone (Middle Devonian), but it lacks diagnostic features that would 
provide insight into the depositional dynamics of this approximately four-foot interval in its type 
area, northwestern Arkansas. The presumed lateral equivalent to the Clifty is referred to the 
Misener Sandstone in Oklahoma, where it is a discontinuous sandstone-carbonate rock sequence, 
which is commonly less than 20 feet thick, and assigned a late Middle to Late Devonian age 
(Amsden and Klapper, 1972). There, it rests unconformably on rocks as old as the Middle 
Ordovician Simpson Group, and its upper portions are regarded as the equivalent of the Late 
Devonian Woodford-Chattanooga Shales (Amsden and Klapper, 1972).  Following a Middle-
Upper Devonian event of uplift and erosion, the Chattanooga sea advanced and buried the tri-
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state region with a blanket of dark gray, but mostly black, Chattanooga Shale, and its deeper 
water equivalent, the Woodford Shale (Houseknecht and others, 2014). The Sylamore-upper 
Misener accumulated as a basal sandstone beneath the Chattanooga, where the advancing sea 
reworked and deposited quartz sand on the underlying eroded surface. This Upper Devonian 
Sylamore/Misener sandstone is a sporadic, thin, orthoquartzite across most of the southern Ozark 
region. 
The last of the orthoquartzites in the record of the southern midcontinent comprises the 
Bachelor Member, St. Joe Limestone of Kinderhookian, Early Mississippian age.  The Bachelor 
is a shale where it rests on the Chattanooga Shale, and an orthoquartzite, where it rests on strata 
older than the Chattanooga, and occasionally a couplet in areas where both sandstone and shale 
could be deposited as the transgressing sea deepened.  The Bachelor is not known to be other 
than Kinderhookian, based on conodonts, but in those areas where it is a shale, the top of the 
Chattanooga may be Kinderhookian as well (Kelly, 1997a, 1997b).  As noted elsewhere, the 
Early Mississippian St. Joe-Boone interval and its equivalents are the thickest post-Lower 
Ordovician and pre-Middle Pennsylvanian (Atokan)  section in the North American 
midcontinent.  This carbonate blanket ended the depositional system’s ability to recycle 
previously deposited sandstones and ended the occurrence of orthoquartzites in the Paleozoic 
record across the North American midcontinent.    
MIDDLE MISSISSIPPIAN TO MIDDLE PENNSYLVANIAN FIRST CYCLE SANDSTONES   
The Middle Mississippian to Middle Pennsylvanian interval is extensively developed 
throughout the North American craton and consists of transgressive-regressive sequences of 
sandstone, shale, and limestone. They are the second thickest Paleozoic interval comprising 4160 
feet in northwest Arkansas, but likely exceed 25,000 feet in the adjacent Arkoma Basin to the 
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south (Bello, 2017; in press). This succession comprises first cycle sandstones that can be 
grouped into three subdivisions based on the percentage of metamorphic rock fragments (mrfs).  
These three lithologic subdivisions reflect the uplift and erosion of the North American 
midcontinent, including the Ozark Dome, and probably the southern Appalachians.  Fluvial 
systems transported the mrf-bearing sediments to their site of deposition along the southern 
margin of the North American craton. The subdivisions are: 1) first cycle sandstones with few 
mrfs – Late Mississippian – Chesterian Series; 2) first cycle sandstones with common mrfs – 
Early Pennsylvanian – Morrowan Series; 3) first cycle sandstones with abundant mrfs –  Middle 
Pennsylvanian –  Atokan Series (Bello, 2016).    
Broad epeirogenic uplift and subsidence toward the end of the Middle Mississippian 
raised the region slightly above sea-level and truncated much of the Meramecian and some of the 
underlying Osagean strata across the southern midcontinent (Bello, 2017, paper 3, this volume). 
Consequently, the Chesterian strata of the Upper Mississippian are separated typically by a type 
1 unconformity surface across the northern Arkansas region (Handford and Manger, 1990).  This 
unconformity grades into a correlative conformity toward the south and east across most of the 
southern Midcontinent.  This Mississippian succession comprises the (ascending order) 
Moorefield Formation, Batesville Sandstone (including Hindsville Limestone Member), Wyman 
Sandstone, Fayetteville Shale (including Wedington Sandstone Member), and Pitkin Limestone 
(including the Imo Sandstone; Figure 1).  The Late Mississippian succession has been 
collectively called the Marshall sequence (Handford and Manger, 1990), and comprises 
significant thicknesses of shale and limestone, but as much as 20% of the section is sandstone 
across the southern Ozark region (Bello, 2017).  
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FIRST CYCLE SANDSTONES WITH FEW MRFS LIMESTONES AND SHALES – LATE 
EARLY TO LATEST MISSISSIPPIAN – KINDERHOOKIAN TO CHESTERIAN SERIES 
 
It would appear that already with the deposition of the Compton Member, St. Joe 
Formation, Early Mississippian, Kinderhookian Series, the source and ability for reworking of 
previously deposited detrital quartz, and both associated minerals, and various rock fragments 
had ended across the southern Midcontinent.  The Batesville Sandstone (Chesterian) and the 
Wyman Sandstone, its apparent lateral equivalent, are both first-cycle lithologies with few mrfs.  
As will be discussed in later, sediment source and delivery direction are a problem with these 
two sand bodies and others in the section, but they undoubtedly represent the first pulse of the 
first cycle sandstone succession that will dominate the Pennsylvanian record.  The later 
Chesterian sequence includes both significant shale – Fayetteville Shale, and limestone – Pitkin 
Limestone, but first cycle sandstones with few mrfs punctuate the record as the Wedington 
Sandstone, undoubtedly a constructional delta (Price, 1981), and the unnamed sandstones in the 
Imo Member, Pitkin Limestone (Manger, 1988).  Both Chesterian sandstones are 
indistinguishable from each other, even with close petrographic observation.  Both are also rather 
restricted in their distribution, with the Wedington confined to the northwestern Arkansas and the 
Imo limited to north-central Arkansas.  Anomalous sandstones have not been reported from 
either Missouri or Oklahoma. 
FIRST CYCLE SANDSTONES WITH COMMON MRFS AND SUBORDINATE 
LIMESTONES – BASAL TO LATEST EARLY PENNSYLVANIAN – MORROWAN SERIES 
 
Significant changes took place along the edge of the southern North American 
midcontinent during the Pennsylvanian.  The Ouachita Orogeny produced a series of basins 
separated by emergent highlands (Johnson et al., 1988).  In Arkansas, the events partitioned the 
Paleozoic region into three geologic provinces: northern Arkansas, Arkoma Basin, and the 
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Ouachita Mountains. Uplift at the close of the Mississippian exposed the entire craton to 
extensive weathering and erosion, while providing basin-fill for those compressional structures 
produced by the collision of Laurussia and Gondwana, thus, creating the Mississippian-
Pennsylvanian regional unconformity. Subsequently, the Hale and Bloyd Formations of the 
Morrowan Series, Pennsylvanian System, reflect the resumption of deposition by epeiric seas as 
the craton experienced eustatic cycles again. The Hale and Bloyd indicate third-order 
successions of both marine and non-marine deposition that produced limestone, shale, and 
sandstone with subordinate conglomeratic beds.  Although in the “limestone belt,” the record is 
one of clastic-domination, with sediment eroded from uplifted highlands and deposited into 
adjacent basins and associated platforms and shelves (Johnson et al., 1988). A minor contribution 
by metamorphic rock fragments in the Upper Mississippian sandstones (Bello, 2017) suggests 
that the southern Appalachian region likely supplied some of the component sediment, indicating 
that the subduction of the Gondwana landmass beneath the Llanoria was already in progress in 
Upper Mississippian time. 
FIRST CYCLE SANDSTONES WITH ABUNDANT MRFS AND SHALES – MIDDLE 
PENNSYLVANIAN – ATOKAN SERIES 
 
The Morrowan-Atokan boundary in the southern midcontinent is a regional, type 1 
erosional unconformity, and the whole Atokan succession represents a single, third-order, 
transgressive-regressive cycle.  The lowermost Atokan section (Spiro Sand) probably represents 
incised valleys and potential low-stand wedges developed on that unconformity. The succeeding 
Patterson Sandstone reflected northward transgression of the Atokan sea.  That interval was 
deposited in a shallow-shelf setting as a coastal sand complex not unlike that of the earlier 
Morrowan sedimentation (Lumsden et al., 1971; Zachry and Sutherland, 1984).  The lowermost 
sands (Foster Sands) in the Lower Atoka of Oklahoma are viewed as having accumulated 
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through the development of fluvial systems and small deltas on the eroded surface of the 
underlying Wapanucka Limestone (Sutherland, 1988).  In the southern Ozark outcrop belt, the 
Trace Creek Shale rests of the Kessler Member, Bloyd Shale and caps the Morrowan-Atokan 
unconformity.  The first sand in the outcrop belt is the Cecil Spiro, and there are no unequivocal 
surface exposures of either the Spiro or Patterson (Zachry and Sutherland, 1984).  This situation 
seems to reflect a shelf-wide tectonic event that overstepped the Patterson transgression.  The 
multiple sand units seen up-section in the Lower Atoka thicken eastward in Arkansas, and they 
may be absent in Oklahoma, suggesting that the sand was supplied from the northeast.  
Houseknecht (1987) indicates that the Oklahoma Lower Atokan may be sourced from cratonic 
exposures to the northwest, which would be hard to reconcile with the abundance of mrfs.  The 
preponderance of carbonates exposed by the Ozark Dome would seem to preclude north-south 
delivery of terrigenous clastics.  Consequently, distribution of the Lower Atokan sands must 
reflect east-to-west longshore currents producing longshore drift of sediment being brought to 
the area along the Mississippi Embayment, which would perhaps be a better source for mrfs, but 
their provenance remains a problem.  Lower Atokan turbidites in the Ouachitas are coeval and 
homotaxial, with apparent east-to-west delivery, but they represent a separate sand system likely 
unrelated to that of the northern Arkoma Basin. 
Maximum flooding of the Atokan cycle occurred in the Middle Atoka Formation. 
Candidate shale sequences for maximum flooding occur at the top of the Sells Sandstone and the 
base of the Arcei Sandstone.  It appears that the shale above the Sells also represents a shelf-wide 
tectonic event as is suggested for the basal Atokan Trace Creek.  The Middle Atoka is certainly 
more shale-prone than either the Lower or Upper portions of the interval.  In Arkansas, the 
middle Atoka is characterized by four to five sandstone units separated by thicker intervals of 
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shale.  It is suggested that these sandstones accumulated in the delta and tidal flat systems that 
prograded southwestward from sources to the northeast (Sutherland, 1988). The extensive shelf 
on which Lower Atoka strata accumulated in the southern part of the basin was broken in the 
middle Atoka time by large, east-trending, and northeast-trending, syndepositional, normal faults 
downthrown to the south (Zachry, 1983).  These faults developed stepwise from north to south 
and allowed large volumes of sediment to bypass the northern shelf areas and accumulate on the 
downthrown sides of active faults, forming a middle Atoka clastic wedge.  Although, the 
development of these faults was not synchronous, and it appears that the southernmost faults 
became active earliest and that active faulting migrated northward with time (Houseknecht, 
1987).  Proximal to the sediment source in the north-northeast, submarine fan systems continued 
to deliver sand to deep-water environments, while distal areas saw low sedimentation rates and 
development of submarine scarps along the faults, whereby submarine canyons would distribute 
sand westward, resulting in submarine-fan construction (Zachry and Sutherland, 1984). 
Upper Atokan and Desmoinesian deposition record a regressive, basin-fill history for the 
Arkoma Basin.  The basin axis is well defined by the Upper Atokan as the seas withdrew to the 
west. The normal faulting that produced the great structural relief and thick sediment fill 
characteristic of the basin had ceased before deposition of the Upper Atokan strata. Because the 
sediment laid down as the Middle Atoka would serve to fill the deeper portions of the fault-
related basins, the Upper Atoka is associated with the southward progradation of deltaic systems 
though this time over a muddy, open shelf. As subsidence slowed, sedimentation rate remained 
high and allowed the sands to move laterally into strandplain and coastal sand environments. The 
redistribution of this sand allowed development of sandstone units with great lateral continuity 
during progradation (Zachry and Sutherland, 1984).  However, the location, where the Upper 
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Atoka is at its thickest, coincides approximately with that of the overlying Desmoinesian 
Hartshorne Sandstone and marks the axis of the newly defined Arkoma basin (Sutherland, 1988).  
In addition, the prodelta facies of the overlying Hartshorne Sandstone is gradational with Atoka 
shales and cannot be lithostratigraphically differentiated from them (Houseknecht and Kacena, 
1983).  Thus, at least part of the upper Atoka can be assumed to have been transported westward 
along the axis of the basin as a part of the Lower Hartshorne Sandstone progradation.  
Meanwhile, deposition of Upper Atoka in areas north of the axis of the basin was characterized 
by deltaic systems that show southward progradation (Zachry, 1983).  
COMPONENT MINERALOGY 
Sandstone composition is critical in identifying its provenance. Mineralogical 
composition and textural character are a product of source rock, tectonism, transportation, 
weathering, and/or diagenetic processes (Folk, 1974). A change in the source of sand grains can 
also provide information on the tectonic history and its timing in a particular region. 
Consequently, the framework grains of sandstone can give information on the composition and 
tectonics of the provenance terrane, provided that the processes of weathering, transportation, 
and diagenesis have not significantly altered the makeup of the sand. Therefore, this study 
focused on the petrography of the Paleozoic sandstones to determine how they have changed 
compositionally through time, their provenance areas, and to gain insight into the sequence 
stratigraphic history, and any tectonic influence on deposition.  N.B. ternary diagram plots and 
photomicrographs of the component mineralogy of the Paleozoic sandstones are in the sections 




Quartz is the most abundant framework mineral comprising the sandstones of the 
lithostratigraphic succession in the southern Midcontinent.  Its contribution ranges from 3% to 
100% of the framework grains. This input reflects quartz abundance in the source rocks, its 
resistance to both chemical weathering, and mechanical abrasion during erosion and transport, 
and its ability to withstand those processes associated with reworking. Monocrystalline quartz is 
more abundant than polycrystalline quartz. However, the polycrystalline quartz population is 
occasionally very high in the Lamotte Sandstone, representing 92% in one sample. When 
present, polycrystalline quartz grains may vary as an aggregate from as few as two, to more than 
twenty crystallites in a single grain.  The individual crystallites are equant to elongate and exhibit 
contacts that are curved, straight or deformed to various degrees. Most quartz grains are rounded 
to well-rounded, although, overgrowths may obscure original grain boundaries. Where grain 
boundaries are distinct, they are either straight or sutured, and may be outlined by clay or iron 
oxide films.  
Quartz grains of metamorphic origin (and sometimes of igneous origin) typically exhibit 
undulate extinction. Monocrystalline quartz grains with straight extinction are of igneous origin 
and far outnumber those with undulatory extinction in the Paleozoic record of the southern Ozark 
region. Overgrowths are also more widespread on the monocrystalline grains compared to 
polycrystalline quartz grains because the monocrystalline grains are much finer, and with finer 
grain sizes, overgrowth development is faster (Wilson and Stanton, 1994). The quartz 
overgrowths are typically syntaxial and are seen as “dust rings” around the parent quartz grains. 





Feldspar contribution varies from <1% to 52% grain volume and occurring as subangular 
to rounded, coarse silt to coarse sand size. The low feldspar abundance reflects the lower 
hardness (6) compared to quartz (7), and a greater susceptibility to chemical weathering, 
mechanical abrasion, and cleavage during transport. In general, the potassium feldspars 
(orthoclase and microcline) are more abundant than sodium-rich plagioclase, although both 
twined and un-twined plagioclase feldspars are present. As might be expected, plagioclase 
content is highest in the Lamotte, since it is a first-cycle arkosic sandstone. Folk (1974), Tucker 
(1995), and Runkel and Tipping (1998) agree that orthoclase abundance reflects greater stability 
to physical and chemical weathering, and it occurs in great abundance in the cratonic basement 
granites, such as the Butler Hill, Graniteville, and Munger (Figure 2). Some of the feldspar 
grains have undergone partial to complete dissolution producing secondary porosity in the 




Figure 2. Distribution of potential Precambrian granites and extrusive igneous source rocks, St. 
Francois Mountains, southeastern Missouri (McCracken, 1961; Tolman and Robertson, 1969; 
Bickford and Mose, 1975). 
ROCK FRAGMENTS  
Rock fragments provide complete information concerning their source rock mineralogy 
and lithology, source location, and probable transportation and dispersion direction.  Rock 
fragments are usually angular or subangular, and rarely rounded depending on the length of 
exposure to weathering and erosion, and the distance from the source area to the site of 
deposition. Sedimentary rock fragments are fine-grained sandstone, siltstone, shale, chert, and 
various limestone lithologies, while igneous rock fragments are fine-grained, typically rhyolite, 
but include other volcanics, such as basalt. Metamorphic rock fragments are also typically fine-
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grained and include slate, phyllite, schist, and quartzite. Igneous and sedimentary rock 
fragments, except chert, are not particularly common through the Paleozoic succession, but the 
metamorphic rocks fragments (mrfs) increase in abundance from a few in the Mississippian 
section, to common and finally abundant in the Morrowan through Atokan (Pennsylvanian) 
sandstones.  
Carbonate rock fragments are of variable abundance, ranging from < 1% to > 50% of the 
total grain volume in some intervals. They comprise either complete or broken invertebrate 
skeletal fragments with cement or matrix, or oolite, and occasionally as discrete ooliths, which 
raises an interesting question of the oolith mineralogy. Modern ooliths are typically aragonite, 
which is unstable and difficult to preserve.  Aragonite can invert to calcite, which may explain 
their presence.  The fossil fragments are stable, low-magnesium calcite.  Dolomite is represented 
typically as euhedral to subhedral, coarse, pore-filling cement or as an irregular patchy 
replacement of calcite in units such as the Cotter and Everton Formations (Lower and Middle 
Ordovician, respectively). Calcite cement can range from pervasive to uneven in some 
specimens, producing well-cemented textures that can grade sharply into poorly cemented areas 
part within the same interval. Of course, initial primary porosity controls the distribution of 
calcite and dolomite cement.   
BIOTITE AND MUSCOVITE  
Both biotite and muscovite are relatively abundant in the igneous rocks of the southern 
Midcontinent, and apparently, other igneous and metamorphic terranes were close enough to be 
able to contribute micas to the sedimentary record in the southern Ozarks as well. Muscovite is 
more abundant than biotite, reflecting parent rock distribution, and the greater stability and 
resistance to weathering of muscovite compared to that of biotite.  The micas are present as laths 
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that occasionally seem to bend around other detrital grains, usually quartz, because of 
compaction. Collectively, micas contribute <2% of the total grain populations comprising the 
sandstones in the southern midcontinent succession and are present mostly in the finer-grained 
sand and silt fractions.  
MATRIX AND CLAY CEMENT  
Matrix is fine-grained, typically silt and clay that occupy the primary porosity between 
the detrital grains of the Paleozoic sandstones.  These grains are mostly quartz, feldspar, and 
mica <0.03mm size. The amount of matrix varies from trace amounts to 48% of the total rock 
volume. Clay can be either post-depositional precipitates or reworked detritus. Occasionally, a 
pseudo matrix from partially altered feldspars and rock fragments is encountered in the arkoses 
and subarkoses, as well as the litharenites and sublitharenites.  
HEAVY MINERALS  
Zircon, tourmaline, rutile, apatite, and garnet are the only heavy minerals identified in the 
samples under study. These are crystals exceptionally resistant to weathering and can survive 
multiple recycling events.  Nevertheless, their contribution is typically less than one percent, 
with a slight increase in the Mississippian and Pennsylvanian sandstones.  
OXIDES  
Oxides are undifferentiated and lumped together as iron oxides. Hematite is present as 
fine druse around the edges of grains or as scattered particles in the matrix.   
SEDIMENTARY PETROGRAPHY 
As discussed earlier, petrographic analysis of the southern Ozark sandstones by Bello 
(2017) recognized six distinct, but related, sandstone intervals (Figure 1): 1) first cycle arkoses, 
litharenites – Late Cambrian, 2) dolomites and reworked subarkoses, sublitharenites, and 
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quartzarenites – Early Ordovician, 3) reworked quartzarenites to orthoquartzites with mostly 
limestones – late Early Ordovician to Early Mississippian; 4) first cycle sandstones with few 
metamorphic rock fragments (mrfs), limestones and shales – late Early Mississippian to Latest 
Mississippian; 5) first cycle sandstones with common metamorphic rock fragments (mrfs), and 
subordinate limestones – basal Pennsylvanian to Latest Early Pennsylvanian – Morrowan Series; 
6) first cycle sandstones with abundant (mrfs), and shales – Middle Pennsylvanian – Atokan 
Series.    
FIRST CYCLE ARKOSE-LITHARENITES - QUARTZARENITES - LATE CAMBRIAN   
The Lamotte Sandstone is a first cycle sandstone of Late Cambrian age comprising a 
highly variable succession both vertically and regionally of subarkoses, arkoses, lithic arkoses, 
sublitharenites, feldspathic litharenites, and litharenites with quartzarenites at its top, where 
preserved (Figure 3).  It rests on Precambrian granites (Figure 2) and not surprisingly, it is 
arkosic and conglomeratic in its lower part (Figure 4), succeeded by sublitharenitic and 
litharenitic intervals, and finally, a quartzarenite at its top (Figure 5). Quartz content varies from 
2.5% to 100% with an average composition of Q80F3R17  (Figure 3).  Monocrystalline quartz 
contributes as much as 98% to 99% of quartz grains in some samples. Polycrystalline quartz 
ranges from less than 0.01% to 2.5% and is usually an aggregate of 2-120 crystallites. Texturally, 
grains comprising these first cycle sandstones vary in size from fine silt to pebbles, are poorly to 
moderately sorted, angular to subrounded, and elongated to spherical.  Some crystals display 
multiple deformation fractures and have overgrowths (Houseknecht, 1975; Yesberger, 1982). 
Orthoclase, microcline, and plagioclase feldspar content is <0.1% to 52%, averaging 4.6%, while 
rock fragments contribute <1% to 96.5%, and matrix varies from 0.1% to 56% and averages 
6.3%.   
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Rock fragments occur in these first cycle Late Cambrian sandstones,  including 
carbonates, chert, rhyolite, metamorphics, and volcanics as well as sandstone clasts of fine sand, 
silt, and clay.  They can be excessively abundant in some samples, varying from < 1% to 97.9% 
and averaging 21%. They are medium sand to pebble, poorly to moderately sorted, and angular 
to rounded. Volcanic fragments constitute 20% to 95% of rock fragments and are usually poorly 
to moderately sorted, varying from medium sand to pebble sizes. Heavy mineral associations 
include zircon, tourmaline, garnet, and rutile. Detrital matrix, calcite, dolomite, quartz 
overgrowths, and vestiges of iron oxide make up the cementing  
 
Figure 3:  Composite plots of the first-cycle and reworked litharenites and quartzarenites (Folk, 
1974). The Lamotte Sandstone exhibited values across the entire compositional spectrum, while 
the Gasconade and Roubidoux sandstones plotted only within the quartzarenite, sublitharenite, 
and litharenite subfields. 
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Figure 4:  Lower Lamotte – poorly sorted, very fine to medium grain size, rounded and spherical, 
monocrystalline quartz grains with a contribution by coarse grain size, rounded chert and rhyolite 
(crossed-nicols) (Yesberger, 1982). 
 
Figure 5: Upper Lamotte - Very fine to fine grained, subrounded to rounded, potassium feldspar 




EARLY ORDOVICIAN - DOLOMITES WITH REWORKED SUBARKOSES, 
SUBLITHARENITES, AND QUARTZARENITES  
 
The sandstones of the Lower Ordovician Gasconade and Roubidoux Formations are 
highly variable, comprising litharenites, subarkoses, sublitharenites, and quartzarenites, that 
reflect the reworking of the Lamotte and its lateral equivalents. The average compositions are 
Q77F1R22 and  Q78F1R21 for the Gasconade and Roubidoux Formations, respectively (Figure 3). 
These sandstones are of fine to pebble size, angular to rounded, poorly sorted, and quartz-
dominated.  Monocrystalline quartz typically comprises more than 99% of the quartz grains, 
while polycrystalline quartz is < 0.01% to 2.3%; quartz overgrowths are present.  The average 
feldspar content is 0.5%, and the rock fragment contribution varies from < 1% to 97.9% with an 
average of 21%. The rock fragments are mostly carbonate and minor chert, volcanics, siltstone, 
and claystone. Heavy minerals include zircon, tourmaline, garnet, and rutile.  The detrital matrix 
and associated cementation include calcite, dolomite, quartz overgrowths, and remnants of iron 
oxide, while matrix is infrequently encountered, but extensive in isolated patches when present, 
accounting for 8% to 26% in several samples. 
REWORKED QUARTZARENITES TO ORTHOQUARTZITES WITH MOSTLY 
LIMESTONES - LATEST EARLY ORDOVICIAN TO EARLIEST MISSISSIPPIAN 
 
The sandstones comprising all or parts of Lower Ordovician to earliest Mississippian 
formations in the southern midcontinent are entirely composed of quartzarenites and 
orthoquartzites assigned (ascending order) to the Cotter, Everton, St. Peter, Clifty, Sylamore, and 
Bachelor Member, St. Joe Formation. Grain size ranges from medium silt to coarse sand.  Their 
coarser fractions are typically well-rounded, and moderately to well sorted, reflecting the 
extensive reworking experienced by this interval. These orthoquartzites are compositionally, and 
texturally supermature, with average compositions of Q98.5F0.74L0.76 (Cotter), Q98.92F0.32L0.76 
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(Everton), Q99.9F3.50L0.10  (St. Peter), Q99.69F0.01L0.32 (Clifty), Q97.88F0.83L1.30 (Sylamore), and 
Q98.74F0.08L1.12 (Bachelor Sandstone Member) (Figure 6).  
 
Figure 5:  The composite plots of the Latest Early Ordovician to Earliest Mississippian 
orthoquartzitic sandstones. 
Quartz is the most abundant framework grain, accounting for 94% to 100% and 
averaging 98.27% of the various orthoquartzitic sandstones encountered in the southern Ozarks. 
The quartz grains are monocrystalline-dominated that exhibit both straight and undulatory 
extinction. Polycrystalline quartz comprises a trace to only one percent, and while syntaxial 
quartz overgrowths are occasionally encountered, they do not make a significant contribution to 
the sand fraction.  Rutile, zircon, garnet, and tourmaline represent the heavy minerals that are 
present in trace amounts. 
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Feldspars are mostly absent in many thin sections, but when present, they are usually 
rounded to subrounded, fine grained orthoclase.  Chert, limestone, and grains of fine sandstones 
and siltstones are occasional rock fragments contributing < 0.01% to 4.3% of the framework 
minerals. Compositionally, grains of limestone, siltstone, and fine sandstone occur as lithic 
fragments. Metamorphic, volcanic, and plutonic grains appear to be absent. Other constituents 
include the heavy minerals rutile, zircon, garnet, and tourmaline, and matrix comprising < 0.1% 
to 1.10% of the constituent grains.   
 
Figure 7: Everton Sandstone (Middle Ordovician) with clean, well-rounded quartz grains, of 
variable size (excluding sectioning effect) cemented by coarsely dolomite rhombohedra; crossed 





Figure 8: Well-sorted, well-rounded, silica-cemented supermature Clifty Sandstone. Quartz 
grains are monocrystalline quartz-dominated with less than 5% polycrystalline quartz and only 
trace chert and orthoclase feldspar grains; cross nicols (Beaver Lake, northwest Eureka Springs, 
Carroll County, Arkansas). 
 
FIRST CYCLE SANDSTONES WITH FEW METAMORPHIC ROCK FRAGMENTS – LATE 
EARLY MISSISSIPPIAN TO LATEST MISSISSIPPIAN  
 
The sandstones above the Bachelor Member, St Joe Formation, representing the late 
Early Mississippian to Latest Mississippian are referred to as the Batesville, Wyman, Wedington, 
and Imo Formations comprising a return to first cycle sandstones with a few MRFs. 
Lithologically, they are classified as quartzarenites, subarkoses, lithic arkoses (insignificant), 
sublitharenites, and litharenites. Their average compositions are Q88F4L8 (Batesville), Q83F3L14 
(Wyman), Q85F5L10 (Wedington), and Q77F2L21 (Imo) (Figure 9). Grains of these sandstones 
range from coarse silt to medium sand that is angular to well-rounded, moderately to well sorted, 
and positively and negatively skewed. The contribution by feldspar, heavy minerals, 
polycrystalline and monocrystalline quartz is relatively high among the Chesterian sandstones 
compared to their older supermature orthoquartzites. 
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Figure 9:  Composite plots of the Upper Mississippian-Middle Pennsylvanian sandstones. They 
are composed of quartzarenites, subarkoses, sublitharenites, and litharenites that represent first 
cycle sandstones with few, common and abundant mrfs. 
 
Figure 10. Angular to subrounded grains of quartz, microcline, and mrfs, Batesville Sandstone, 





Figure 11.  Batesville Sandstone with angular to rounded quartz grains with straight to undulose 
extinction, leached feldspar, chert with calcite cement, Rosie, Batesville, Independence County, 
Arkansas. 
Quartz is the dominant framework grain, varying from 57.3% to 98.9% of the total grains 
(Figure 9). They are subangular to rounded, poorly to well sorted, subrounded to well-rounded, 
coarse silt to fine sand (Figures 10-11). Monocrystalline quartz is significantly more abundant 
than polycrystalline grains, ranging from 31% to 88.4%. Polycrystalline quartz is present in 
minor amounts (0-2.4%).  Monocrystalline quartz exhibits both straight and undulatory 
extinction. Quartz overgrowths and inclusions are present. Figures 10-11 illustrate 
photomicrographs of the Batesville Sandstone, which are typical of these first cycle sandstones 
with few metamorphic rock fragments of late Early Mississippian to Latest Mississippian age. 
Feldspar is present as orthoclase, plagioclase, and microcline, occurring in grains that are 
angular to rounded, of coarse silt to fine sand size, and account for < 0.1% to 15% of the 
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framework components (Figures 9-11). The amount of orthoclase feldspar is higher than the 
contribution by plagioclase, while microcline is rare. Rock fragments include limestone, chert, 
igneous, fine to very fine sandstone and siltstone, and metamorphic rock fragments varying from 
trace amounts to 8.8% (Figure 9). Igneous and volcanic detrital grains, and muscovite, biotite, 
zircon, garnet, tourmaline, and rutile have been identified as accessories, but none of these makes 
a significant contribution.  
Silica and sparry calcite provide cementation fluctuating from zero to 56%. Quartz 
overgrowths are also present and may contribute as much as 26% to the cementation along with 
lesser amounts of dolomite and hematite. Modal analysis of porosity can be as high as 26%. 
FIRST CYCLE SANDSTONES WITH COMMON METAMORPHIC ROCK FRAGMENTS 
AND SUBORDINATE LIMESTONES – BASAL TO LATEST EARLY PENNSYLVANIAN 
 
The Early Pennsylvanian, Morrowan Hale and Bloyd Formations comprise first cycle 
sandstones with common MRFs. These sandstones include quartzarenites, sublitharenites, and 
litharenites that are submature to immature, angular to rounded, poorly to well sorted, and may 
contain a fine sand to coarse silt fraction and thin intervals of pebble conglomerate. The average 
composition of the Hale and Bloyd, are Q80F3L17 and Q72F2L26, respectively (Figure 9).  
The Hale Formation consists of Cane Hill and succeeding Prairie Grove Members. The 
averages of the Cane Hill and Prairie Grove Members of the Hale Formation are Q76F2L22 and 
Q82F3L15.  
The Cane Hill Member is of medium silt to medium sand size.  Grains are moderately 
well to poorly sorted, angular to rounded, positively skewed sandstone. The interval is typically 
either a sublitharenite (50%) or a litharenite (50%) (Figures 12-13). Monocrystalline quartz 
varies from 67% to 76.8% and averages 72%, while polycrystalline quartz is 2.4% to 6.4% and 
averages 4%.  Rock fragments vary from 14.7% to 28% of the component framework grains and 
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averages 22%. Feldspar only contributes 2.1% to 2.3% of the grains, averaging 2%. Orthoclase 
feldspar (~1.2%) is more common than plagioclase (< 0.1% to 0.6%). Chert (0.4% to 3.6%), 
mrfs (4.1% to 9.1%), and siltstone (0.9% to 3.1%) comprise the remaining grain fractions.  Pyrite 
(0.4% to 1.3%) and mica (0.6% to 0.9%) are accessory minerals. Quartz overgrowths (10.2% to 
12.1%), clay (< 0.1% to 12%), iron oxide (0.5% to 4.1%), and matrix (0.3% to 0.9%) are 
cements. Scattered grains of zircon and garnet are also present as heavy minerals. 
The Prairie Grove Member is very fine to medium sand, angular to rounded, moderately well 
sorted to moderately sorted, positively skewed quartzarenites (28%) sublitharenites (44%), and 
litharenites (28%) (Figure 14).  Component monocrystalline quartz grains range from 63% to 
88% and averages 74%, while the abundance of polycrystalline quartz is < 0.6% to 11.1% and 
averages 8% (Figure 14).  Feldspars contribute 0.1% to 7.5% and only average 3%, while rock 
fragments comprise 3.9% to 29.8% of the component grains, averaging 15%, with siltstone clasts 






Figure 12. Sublitharenite: Angular to subrounded quartz, orthoclase and plagioclase feldspar, 
mrfs (schist) and chert grains - Cane Hill Member, Hale Formation. Some quartz grains are 
embayed, contain inclusions and exhibit unit extinction - Oxley Quadrangle, Searcy County, 
Arkansas. 
 
Figure 13. Litharenite: Monocrystalline quartz with straight to embayed contacts, mixed with 
grains of chert, mrfs (schist), and scattered mica flakes, Cane Hill Member, Hale Formation - 




Figure 14. Angular to subrounded quartz grains with non-undulatory extinction of the Prairie 
Grove Member, Hale Formation. Also present are mrfs, and chert and siltstone rock fragments – 
Parthenon Quadrangle, Newton County, Arkansas. 
Both orthoclase (0.1% to 3.4%) and plagioclase (< 0.1% to 1.4%) feldspars are present. 
Chert abundance ranges from 0.1% to 3.1%, with an average of 2%.  Metamorphic fragments 
range from 1.6% to 13.1% and contribute an average of 5%.  Other components include opaque 
minerals, mostly pyrite (0.1% to 2%), micas (trace amount to 1.5%), and rare tourmaline. Quartz 
overgrowths occur in a range of 0.2% to 3%, while clays contribute 0.7% to 3%, iron oxide 0.2% 
to 4%, and matrix is usually < 0.7%. Calcite cement is rare to pervasive, and when existent, 
accounts for 26% and 38.9% of the sampled specimens.  Zircons (0.1% to 2%) and garnets (< 
0.1% to 1.9%) represent the heavy mineral fraction. 
The succeeding Bloyd Formation includes sublitharenites (40%), and litharenites (60%) 
divided informally into lower, middle and upper divisions, which exhibit an average composition 




Figure 15: Angular to rounded quartz grains of various sizes, some with inclusions and some 
with overgrowths, grains of orthoclase feldspar, zircon, and mrfs – lower Bloyd Formation in 
Greers Ferry Quadrangle, Cleburne County, Arkansas. 
 
Figure 16: The bimodally distributed large, well rounded and smaller second-cycle quartz grains 
and sandstone rock fragments with carbonate cement  – lower Bloyd Formation in Parma 




Figure 17: Angular to subrounded, packed, compacted monocrystalline and polycrystalline 
quartz grains with sutured contacts, mrfs, zircon, tourmaline cemented by the matrix, and silica 
cement – Middle Bloyd sandstone, Gaither Mountain, Boone County, Arkansas. 
   
Figure 18: The bimodally distributed large, poorly pebbles and smaller quartz grains with sutured 
contacts, and igneous rock fragments that are matrix-cemented  – Middle Bloyd sandstone, 
Gaither Mountain, Boone County, Arkansas. 
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The lower Bloyd Formation is mostly very fine to coarse sand, that is angular to 
subrounded, moderately sorted, negatively skewed bimodal sandstone (Figure 15). 
Monocrystalline quartz varies from 31% to 73.5% and averages 55%; polycrystalline quartz is 
1.7% to 14% and averages 7%; feldspar is < 1% to 9.6% and averages 3%; while rock fragments 
are 16% to 65% and average 34% of the framework components. Orthoclase feldspar (< 0.1% to 
2.9%) is slightly higher than the plagioclase equivalent (< 0.1% to 1.4%). Chert (< 0.1% to 
3.1%), metamorphic rock fragments (< 1% to 8.1%), and siltstone grains (absent to 7.1%) 
comprise the rock fragment contribution of the lithologies. Undifferentiated opaque minerals, 
mostly pyrite (< 0.1% to 3%), mica (< 0.4%), and traces of tourmaline and clay clasts comprise 
the remaining grain populations. Cement is provided by quartz overgrowths (trace % to 2.4%), 
calcite (14% to 25.2%, and averages 18% of the rock volume), clay matrix (trace to 0.8%; but 
one remarkably high sample at 59%), and iron oxide (< 0.1% to 3.7%). Heavy minerals include 





Figure 19: Subangular to well-rounded, calcite-cemented upper Bloyd Formation with abundant 
crinozoan detritus and well-rounded to subangular quartz grains - Parthenon Quadrangle, 
Newton County, Arkansas. 
The informally named Middle Bloyd Sandstone is a very poorly to moderately sorted, 
coarse silt to pebble conglomerate (Figure 18) comprising grains that are angular to rounded, 
positively and negatively skewed. It is composed of sublitharenites (71%) and litharenites (29%). 
Monocrystalline quartz comprises 44.5% to 73.2%, averaging 66%, associated with 5% to 27.6% 
polycrystalline quartz and averages 8%.  Feldspar comprises < 1% to 6.8% and but averages only 
1%; while rock fragments vary from 17.3% to 39.4% and averaging 23%. Orthoclase (< 0.1% to 
4.4%) and plagioclase (< 0.1% to 1%) comprise the feldspar, and both randomly and sparsely 
distributed throughout the analyzed samples. Chert is < 0.1% to 3.2% and averages 2%; mrfs 
contribute 1% to 25.1% and average 9%; siltstone grains are < 0.1% to 9.7% that average 3%. 
Other mineral constituents include undifferentiated opaque minerals, mostly pyrite, (1.1% to 
3%), undifferentiated micas (0.1% to 3%), and widely scattered tourmaline grains. Clay clasts 
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are present in one sample and account for 20.1% of that rock. Matrix, silica, clay, and iron oxide 
are the cementing materials. Calcite cement is absent in all but one sample. Instead, cements are 
provided by quartz overgrowths 0.5% to 9.1% and average 6%; while clay is 0.1% to 7.1% and 
averages 1.3%; iron oxide is 0.9% to 9.6% and averages 2%; and matrix is 2.1% to 19.1% 
averaging 5%.  Heavy minerals are represented by zircon (< 0.1% to 0.9%) and garnet (< 0.1% 
to 0.7%). 
Sandstones in the upper Bloyd interval are composed of very coarse silt to very coarse 
sand, with angular to well-rounded grains that are poorly sorted, and both positively and 
negatively skewed. These sandstones are comprised of sublitharenites (50%) and litharenites 
(50%). Monocrystalline quartz varies from 31.6% to 71.1% and averages 51%; polycrystalline 
quartz is 5.4% to 13.3%, and averages 9%; while feldspar is < 0.1% to 2.5% and averages 1%. 
Rock fragments, including chert, mrfs, carbonate particles, and siltstone clasts, are common to 
abundant at 13.1% to 63% and average 38% of the framework grains. Traces of tourmaline, 
opaque minerals, mostly pyrite, and mica make up the rest of the constituent minerals. Quartz 
overgrowths (< 0.1% to 2.8%), clay (trace to 4.1%), iron oxide (trace to 1.2%), and calcite (< 
0.1% to 6.1%) provide the cement.  The heavy minerals are garnet and zircon.  
FIRST CYCLE SANDSTONES WITH ABUNDANT METAMORPHIC ROCK FRAGMENTS 
AND SHALES – MIDDLE EARLY PENNSYLVANIAN 
 
The Atokan Series, of Middle Early Pennsylvanian age, is represented by the Atoka 
Formation across the southern Ozark Region. The modal data for the Atoka Sandstones were 
compiled from Thornton (1978), Gilliespie (1983), and Bello (2012). The lower, middle and 
upper Atoka Formations are undifferentiated and treated as Atoka Formation, since previous 
investigations did not identify group modal data by from different Atokan divisions, except that 
of Bello (2012). Average composition of the Atokan sandstones is Q92F4L4.  
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The Atokan Sandstones contained both mature and immature sandstones, composing of 
quartzarenite (71%), subarkose (16%), lithic arkose (insignificant), sublitharenite (11%), 
litharenite (2%), and feldspathic litharenite (rare). Grains of the component sandstones range 
from very fine silt to granule size, which are moderately well to very poorly sorted, subangular to 
well-rounded, monocrystalline quartz. Quartz is the principal framework minerals and makes up 
65.3% to 100%. Quartz grains are subangular to well-rounded and poorly to moderately sorted, 
and exhibit straight to undulate extinction. Monocrystalline quartz is the predominant quartz 
type, consisting of 61.3% to 100% and averages 89%; polycrystalline is 0.3% to 18.6% and 
averages 3%; feldspar is 0.3% to 18.3% and averages 4%; while rock fragments are < 0.1% to 
35.3% and averages 4% of the framework minerals. Orthoclase and plagioclase feldspars are 
undifferentiated. Metamorphic rock particles (0.3% to 25%), chert (0.3 to 1.3%), and 
sedimentary rock pieces (0.3% to 16%%) make up the lithic fragments. Mica (0.5% to 5%) and 
heavy minerals (< 0.1% to 9%) are both undifferentiated. Matrix (< 0.1% to 13%), calcite (< 
0.1% to 52.3%), clay (2% to 29%), silica (< 0.1% to 16%) and remnants of dolomite and feldspar 
overgrowths represent the cementing minerals. Porosity is rare to high and makes up less than 
one percent to 38% of the entire rock volume.   
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Figure 20: Quartzarenite, with feldspar, mrfs, zircon, muscovite and silt-sized grains that are 
subrounded to well-rounded, moderately sorted, clay and silica-cemented – plane light - Middle 
Atoka Formation in Logan County, Arkansas. 
  
Figure 21: Poorly sorted, subangular to well-rounded, deformed metamorphic, monocrystalline, 
and polycrystalline grains. The large quartz grain at the center of the image has an inherited 





SOURCES OF THE SEDIMENT FORMING PALEOZOIC SANDSTONES 
The most crucial factors that determine sandstone composition are tectonism, eustasy, 
and climate. Tectonic uplift causes erosional unroofing of different tectono-stratigraphic units 
and subsequently, the deposition of first cycle sands (Bello, in press). A modification from low 
to high sediment production due to amplified tectonic movement and/or favorable environmental 
conditions also increases the lithic fraction and decreases sandstone compositional maturity, 
whereas, extended cycles of tectonic stability promotes reworking that increases its 
compositional maturity. On passive margins, such as the NASP, repeated phases of emergence 
and submergence due to sea-level oscillations are the major influence on changes in the type and 
amount of lithologic units exposed in the source regions and modify sediment dispersal 
pathways, and ultimately determine sandstone composition and consequently sandstone 
lithologic assignment (Picard and McBride, 2007). 
While tectonism governs sandstone composition and lithologic assignment, eustacy and 
climate also play an essential role. Eustacy involves differences in the total volume of ocean 
water and the production of sea-level changes, which in turn, controls the type and quantity of 
intrabasinal and extrabasinal sedimentation. Climate (temperature, pressure, and humidity) 
governs compositional changes in sandstones through chemical and mechanical weathering 
processes. Weathering produces the reduction of the contribution made by unstable grains, e.g., 
feldspars and lithic fragments. Lithic materials may endure or be lost contingent on their 
composition and humid versus dry climate environmental conditions (Picard and McBride, 
2007). The loss of unstable components enriches the stable mineral population, such as quartz 
and zircon, in the detrital sediment.  The effect of chemical weathering is directly linked to 
climate and length of exposure to that weathering.  
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FIRST CYCLE SANDSTONES – QUARTZ, ARKOSE, AND LITHIC ARENITES     
Sedimentary, plutonic, and volcanic source lithologies can be outlined based on the 
Lamotte composition: quartz arenites, arkose arenites, and lithic arenites. The quartzarenites 
were likely derived from two sources: 1) the sedimentary rocks covering the Canadian Shield to 
the north, and 2) sediment from the local igneous complex of the Ozark uplift core, exposed to 
prolonged cycles of transport and weathering.  
Canadian Shield: The abundance of rounded to well-rounded, well-sorted, and undulate 
grains, and the rarity of feldspar, polycrystalline quartz, chert, and clay minerals within the 
quartzarenites support both long distance of transport as well as prolonged exposure to erosion 
and weathering.  The clay-size fraction was winnowed by wind, and perhaps shallow marine 
processes in the depositional environment. Undulose extinction or "strain shadows" is usually the 
product of stress after crystallization (Folk, 1974). Therefore, the predominance of undulate 
grains is an indication of strong abrasion, extended sediment residence time, and protracted 
exposure to a dynamic depositional environment that eliminate and round the less chemically 
and mechanically unstable grains (e.g., Folk, 1974; Dott Jr., 2003; Johnson et al., 1988).  
Ozark Uplift: The arkose and lithic arenites were derived locally from the igneous 
complex of the Ozark uplift. The larger grain-sizes and arkosic composition reflect a moderate 
relief, short-lived weathering, and short transport distance. The relief was apparently not 
sufficiently high enough to deliver a genuinely arkose composition. Angular feldspar grains, 
medium sand to pebble size range, and very angular rhyolitic fragments support moderate relief, 
rapid erosion, and reduced transport distance. However, the high ratio of potassium feldspar to 
plagioclase feldspar suggests that chemical weathering may have played a significant role in the 
enrichment of orthoclase over plagioclase feldspar.  
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The lithic arenites are mostly composed of rhyolites (Houseknecht, 1975), indicating 
volcanic source rocks of the Ozark uplift. The dominance of polycrystalline quartz associated 
with a population that includes at least 20 different minerals and abundant potassium and 
plagioclase feldspars are suggestive of both plutonic and volcanic source rocks. As stated earlier, 
rock fragments are mechanically unstable grains and quickly disintegrated by weathering 
processes. Therefore, their contribution to the Lamotte indicates average relief, rapid erosion, 
arid climate, and quick burial – all factors that are essential for their preservation. The coarser 
composition and angular nature of polycrystalline quartz and the high content of rock fragments 
in some samples despite their mechanically weaker character support a local source area, 
moderate gradient, and short sediment transport. A modest relief is particularly significant 
because the medium- to coarse-grained sands and the presence of pebbles in these samples would 
require rivers with adequate slopes to carry and disperse such sediments. 
REWORKED LITHARENITES TO QUARTZARENITES 
The sands of the Gasconade and Roubidoux Formations reflect constant reworking from 
litharenites to quartzarenites through the Early Ordovician.  They are rounded to well-rounded, 
moderately sorted grains, with a modest contribution from feldspar, polycrystalline quartz, chert, 
and clay minerals. These compositions and textures suggest the reworking of sedimentary source 
lithologies, but with still some modest contribution from the sedimentary rocks of the Canadian 
Shield, but significant reworking of the closer Lamotte and contemporaneous sands. The 
Gasconade and Roubidoux depositional processes achieved the high textural maturity – the 
dominance of well-rounded monocrystalline undulate grains and the lack of feldspar, 
polycrystalline quartz, chert, and matrix.  These characters are indicative of mechanical abrasion, 
and lengthy sediment residence time that supports chemical weathering, and protracted exposure 
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to dynamic depositional environments that round, sort, and may eliminate the less chemically 
and mechanically unstable grains. The near absence of clay-sized materials reflects the energy 
levels affecting the depositional environments.   
ORTHOQUARTZITES 
The sandstones of the Early Ordovician-Early Mississippian (Cotter to Bachelor Member, 
St. Joe Formation) are compositionally and texturally supermature.  They are composed entirely 
of orthoquartzites. Their present distribution in the dissertation area is local and isolated except 
for the St. Peter Sandstone, which blankets most of the southern midcontinent and much of the 
cratonic midcontinent.  The sand fraction of this interval is multicycled, derived from reworking 
both local thin sand lenses of older formations, usually carbonates, and the thicker, clean quartz 
sandstones, such as the St. Peter (Middle Ordovician).  A dominant cratonic interior signature 
supports the multicyclic origin of the deposits. The localization of the sandstones which does not 
appear farther north probably resulted from local warping which exposed older sandstone units 
and made available the depositional areas, while repeated cycles of shelf emergence and 
submergence due to sea-level variations produced sands of the orthoquartzitic composition. The 
dominance of coarse silt to coarse sand, abraded quartz overgrowths, well sorted to well rounded 
monocrystalline quartz and the lack of feldspar, polycrystalline quartz, and rock fragments are 
consistent with sediment multicyclicity in addition to intense weathering and protracted transport 
capable of eliminating the less-resistive grains in a typically low-lying topography. The near 
absence of matrix and clay content is attributed to the winnowing power of the wind and marine 
processes, such as waves, currents, and tides.  
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FIRST CYCLE SANDSTONES WITH METAMORPHIC ROCK FRAGMENTS 
From the Middle Mississippian through the early Middle Pennsylvanian, the percentage 
of metamorphic rock fragments increased from present to abundant in the first cycle sandstones 
being deposited across the southern Midcontinent, and particularly the southern Ozark region. A 
change from low to high sediment input due to increased tectonic movement or favorable 
climatic condition likely caused the decrease in compositional maturity, primarily from the 
increased lithic component. Availability of subangular to subrounded grains, fresh feldspar, 
moderate to abundant chert, lithic fragments, including mrfs suggests orogenic unroofing that 
provided access to igneous and metamorphic source rocks, possibly the Ozark Dome, the 
Nemaha Ridge, and the southern Appalachian Mountains.  These areas as a source of these mrfs 
and feldspar may explain the odd situation where coarse-grained igneous rocks are exposed at 
the core associated with structures, such as the Ozark Dome, support the orogenic unroofing.  
Unquestionably the currently coarse-grained granite core must have been intruded into and 
metamorphosed the surrounding interval of sedimentary rocks, which has been removed by 
subsequent erosion.  This particularly true of the Ozark Dome in which Late Cambrian Lamotte 
strata sit directly on those coarse-grained granites, such as the Graniteville Granite.  Perhaps the 
Nemaha Ridge would also have had a similar situation with early removal of the metamorphosed 
area surrounding that igneous intrusion.  Where tectonics dominate relative eustatic change in a 
collisional orogeny, tectonic movement produces source/basin restructuring and so, alters the 
drainage systems, provenance-rock types, and their corresponding amounts (e.g., Picard and 
McBride, 2007). The implication is that a change in sandstone composition will occur at 
sequence boundaries due to tectonic activity. Therefore, the sudden increase in feldspar, angular 
to subangular quartz, igneous, and metamorphic rock fragments in this interval compared to the 
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underlying Middle Ordovician-Early Mississippian sandstones are consistent with the orogenic 
interpretation. 
THE DELIVERY CONUNDRUM 
The Southern Ozark Platform was a stable, passive margin throughout most of its 
Paleozoic history. In early Paleozoic time, Late Cambrian through Early Mississippian period, a 
thick succession of chiefly shallow-water carbonates, but with arkosic sandstone at its base, and 
a succession changing from a quartzarenite to orthoquartzite accumulated on the southern 
cratonic margin. Thinner, deep-water shales and cherts were deposited in the basin and onto the 
seafloor to the south. The tectonic conditions to the south changed dramatically between the 
Mississippian-Pennsylvanian, and the NASP received a pronounced increase in the amount and 
character of the terrigenous input from the north, northeast, and northwest regions. 
The Late Cambrian-Early Ordovician carbonates and associated sandstones rest 
unconformably on the basement rocks - Yavapai, Mazatzal, Granite-Rhyolite Provinces (Dott Jr. 
et al., 1986; Johnson et al., 1988; Whitmeyer and Karlstrom, 2007; Fig. 22). These sedimentary 
successions accumulated during as the initial Paleozoic epeiric sea transgression that inundated 
the nearly flat, unvegetated, basement surface subjected to prolonged weathering and erosion for 
more than four billion years (e.g., Dott, 2003).  In the southern Ozark region, litharenites, 
arkoses, and conglomerates of Late Cambrian age were deposited directly on the coarse-grained 
granite basement exposed in the St Francis Mountains at the core of the Ozark uplift.  At the 
same time, quartzose sediment from the Superior and Matzatzal Provinces in the northernmost to 
northeasternmost regions were transported southerly across what became the Illinois Basin onto 
the southern cratonic margin. Similar source-to-setting distributions by wind, river and shallow 
marine processes deposited sediment across the Midcontinent from Maine to Minnesota in a 
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north-to-northwest delivery, further blanketing what would become the North American craton 
(Figs. 22 - 24). 
The sandstones of the Early Ordovician to earliest Mississippian, represented by the 
Cotter Formation through Bachelor Sandstone Member, St. Joe Formation, were derived initially 
from the Canadian Shield to the north and northeast. But by the latest Early Ordovician, the 
sandstone package experienced constant reworking, the early litharenites and quartzarenites 
surrounding platforms becoming interbedded mostly with limestones when the seawater cleared 
(Fig. 25).  Thus, the orthoquartzitic sediment became concentrated across the northern 
midcontinent (Fig. 25).  Therefore, there is no apparent transport direction, since sediment 
distribution probably reflects storm activity, much like can be observed on a smaller scale with 
carbonate sediment on the Bahama Platform. 
By the Late Mississippian, sediments from the eastern interior and the southern 
Appalachian Mountains, as well as the apparently emergent Ozark Dome (Fig. 26) were 
delivered through what is now the Black Warrior Basin in Alabama and Mississippi onto the 
southern Ozark shelf as well as the eastern Arkoma Basin (Figs. 26-27).  At first glance, this 
would seem to present a problem since the Black Warrior Basin is astride this delivery direction 
(Figures 25-26).  However, both the paleogeographic reconstruction (Figure 26) and the facies 
map for the Late Mississippian (Fig. 27) suggest that the Black Warrior Basin was either already 
filled, or had not subsided enough to restrict the delivery of the sediment to the southern Ozark 
platform by the Late Mississippian.  Clearly, by the Pennsylvanian, east-to-west distribution of 
sediment occurred along the southern margin of North America (Figs 28). Having east to west 
delivery would also allow mrfs to be transported from the southern Appalachian Mountains to 
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Figure 22. The depiction of Archean through 
Neoproterozoic basement features of 
Precambrian North America (Laurentia). 
Individual colors highlight significant 
terranes, orogenic belts, and structural 
elements. WY—Wyoming province; SA – 
Southern Appalachians; OU - Ouachita 
Mountains (from Whitmeyer and Karlstrom, 
2007).
Grenville
Archean> 2.5 Ga Archean crust
1.69-1.65 Ga juvenile crust
1.72-1.68 Ga juvenile arcs
ca. 1.70 Ga quartzite deposits
1.72-1.68 Ga granitoids
1.76-1.72 Ga juvenile crust









1.3-1.00 Ga collisional orogens
1.45-1.35 Ga granitoids
1.55-1.35 Ga juvenile crust
ca. 1.65 Ga quartzite deposits
1.65-1.60 Ga granitoids
1.9-1.8 Ga reworked Archean crust
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Figure 23. Late Cambrian Paleogeography (500 Ma; Blakey, 2011). 
 
Figure 24. Cambrian lithofacies map shows the distribution of the primary lithofacies in the USA 




Figure 25. Ordovician lithofacies map shows the distribution of the primary lithofacies in the 
USA (Sloss, Krumbein, and Dapples, 1960). 
 




Figure 27. Mississippian lithofacies map illustrates the distribution of the primary lithofacies in 
the United States (Sloss, Krumbein, and Dapples, 1960). 
 
Figure 28. Pennsylvanian lithofacies map shows the distribution of the primary lithofacies in the 
USA (Sloss, Krumbein, and Dapples, 1960). 
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Only two provenance models including three dispersal patterns (from the craton to the 
north, from the Appalachian basin, and from the arc side of the Ouachita Mountains) exist for the 
Black Warrior Basin-southern Appalachian regions. Model one advocates that detritus were 
funneled from craton to the north and northwest of the Black Warrior Basin and carried 
southeastwardly by fluvial and deltaic systems (e.g., Welch, 1978; Cleaves and Broussard, 1980; 
Stapor and Cleaves, 1992, etc.). Model two proposes that clastic materials were derived from the 
Ouachita Mountains region and funneled into the Black Warrior Basin through northeastern 
deltaic drainages (e.g., Thomas, 1972; Mars and Thomas, 1999, etc.). This view cannot possibly 
be true because if the sediments get north from the Ouachitas, it would have to have been 
transported undip – thereby defying gravity.  The conclusion of the first model partly correlates 
with the findings in this paper – that the Paleozoic sediments, especially the Mississippian-
Paleozoic sediment were derived from the southern Appalachian Mountains. The sediment was 
transported into the southern Ozark region through the Black Warrior Basin in Alabama and 
Mississippi onto the southern Ozark shelf as well as the eastern Arkoma Basin.  
Given its proximity and the strategic position of the Black Warrior Basin - the linkage 
between the southern Appalachians and the southern Ozark region - it seems clear that the 
linkage supplied not only the mrfs, but also most of the lithic fragments of the Upper 
Mississippian-Lower Pennsylvanian sandstones. The sharp increases in feldspars and lithic 
materials, particularly, the appearance of metamorphic rock fragments, in these sandstones 
compared with the pre-Mississippian sandstones suggest the collisional orogeny and erosional 
unloading of the Appalachian region were ongoing already by the late Mississippian time. As 
stated previously, the modification from low to high sediment input due to intensified tectonic 




The sandstones of the southern Ozark Dome are composed of five related, but distinct 
lithofacies intervals: 
1. The first cycle arkose/litharenite, characteristically with a basal conglomerate, followed by 
subarkose/ sublitharenite and lastly to quartzarenite referred to the Upper Cambrian Lamotte 
Formation.  For the most part, the Lamotte was deposited directly on Precambrian basement 
granite.  
2. The sandstones of the Lower Ordovician Gasconnade and Roubidoux Formations reflect 
extensive reworking of the Lamotte interval producing subarkoses, sublitharenites, and finally 
quartzarenites after an interval of carbonate deposition.  
3. The well-rounded, well sorted, quartzarenites and orthoquartzites that reflect reworking earlier 
sandstones of the southern Ozarks and possibly the southern Midcontinent.  This interval is 
represented by all or portions of the Lower Ordovician to Lower Mississippian Cotter-Everton-
St. Peter-Clifty-Sylamore-Bachelor intervals. The Bachelor Sandstone, the basal member of the 
St. Joe Formation, Lower Mississippian, is the last orthoquartzite in the southern Ozark 
succession.  
4. The Lower Mississippian Boone Formation, a chert-bearing limestone, is the thickest and most 
extensive post-Lower Ordovician and pre-Middle Pennsylvanian interval in the southern Ozarks. 
This limestone interval limited significant reworking of any terrigenous clastics after the Lower 
Mississippian. 
5. The Upper Mississippian records first cycle sandstones with few metamorphic rock fragments 
including the Batesville-Wyman-Wedington-Imo Sandstone section.  This succession begins the 
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transportation of first cycle sandstones from the southern Appalachians, and locally from the 
Ozark Dome, and perhaps the Nemaha Ridge.    
6. Pennsylvanian first cycle sandstones exhibit an increasingly significant contribution of 
metamorphic rock fragments.  The Hale and succeeding Bloyd Formations, Morrowan, Lower 
Pennsylvanian, display scattered to common metamorphic rock fragments, while the Atoka 
Formation, Middle Pennsylvanian, the thickest Paleozoic terrigenous clastic interval in the 
southern Midcontinent unit and youngest stratigraphic unit in the Paleozoic succession of the 
southern Midcontinent preserves common to abundant metamorphic rock fragments. 
7. The delivery conundrum requires Late Mississippian through Middle Pennsylvanian delivery 
from the southern Appalachians, across the Black Warrior Basin and onto the southern Ozark 
Platform at the margin of North America.  Paleogeographic reconstructions and facies maps 
suggest that the Black Warrior Basin is either full by the Early Pennsylvanian, or had not 
subsided enough to disrupt distribution in an east to west direction. 
8. Further study of potential distribution patterns from the northern midcontinent is needed to 
assess potential deposition in the southern Midcontinent.    
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TECTONIC HISTORY OF THE OZARK DOME DETERMINED BY STRUCTURAL AND 
STRATIGRAPHIC ANALYSIS 
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ABSTRACT 
Well log analysis has provided new insight into the vertical crustal movements that have 
influenced the geomorphic evolution of the southern Ozark region, and temporal variations in 
cratonic topography that reflect uplift and subsidence. The tectonic history of the Ozark Dome, 
in particular, can be assembled through structural and stratigraphic analysis using the variation of 
stratal dip angles that reflect periodic tectonic movements, specifically during the Paleozoic Era 
that comprises exposures across most of the region. Regional dip varies from 0.10-10 producing a 
change in elevation ranging from 15 feet/mile to 90 feet/mile, predominately to the south.  The 
regional dip steepens to 3.60 producing a change in elevation of 142 feet/mile to the northwest on 
the basement complex, and 1.80 at 142 feet/mile to the southeast using the top of the Late 
Mississippian Batesville Sandstone.  
Five structural flexures can be recognized at the tops of the Late Cambrian Lamotte, Late 
Ordovician Gasconade and Cotter, Middle Ordovician St. Peter, and Late Devonian Chattanooga 
Formations (ascending order). The structural events produced a variety of features, including the 
erosional beveling of topographic highs, the development of arches, troughs, the deepening and 
shallowing of pre-existing troughs, the migratory rotation of the primary depocenter, and the 
formation of new secondary depozones. Development of these various types of structures played 
a significant role in the history of the North Arkansas Structural Platform (NASP), reflected in 
the successive depositional trends preserved in the Paleozoic record across the entire region. 
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Most of the topographic highs in the northwestern edge of the NASP were periodic and short-
lived, thus controlling depositional systems in the area only briefly. However, the lack of dense 
well control across the entire region prevents more definitive conclusions about the spatial and 
temporal extent of the various paleostructures. 
Epeirogenic uplifts in the region promoted weathering and erosion of the exposed 
sedimentary succession, and promoted reworking of its terrigenous component. During phases of 
stability, the southern Ozark area was low enough that well-developed, marine transgressive-
regressive cycles were able to cover and uncover the region periodically, separated by erosional 
unconformities, as well as producing condensed marine sections at maximum floodings.  It 
appears that transgression by Atokan seas, primarily from south to the north, and the associated 
final regression reflecting post-Atokan uplift ended the tectonic and depositional history of 
emergent the southern Ozark region.  The further depositional history of the southern mid-
continent was confined to the Arkoma and other basins that marked the active cratonic margin 
through the Late Paleozoic. 
INTRODUCTION 
The highest point on the Ozark Dome is Taum Sauk Mountain, cored by a flat-topped, 
Precambrian granite mass that stands at 1,772 feet above sea level; the highest point in Missouri 
(Bretz, 1965).  The Paleozoic succession of typical cratonic sandstone-shale-limestone lithologic 
packages covers the Precambrian basement and reflects a pattern of transgressive-regression, 
eustatic cyclicity punctuated by short-lived tectonic events (Bello, 2017).  Periodic tectonic 
uplifts promoted weathering and erosion of the thickening depositional record, particularly 
destroying both carbonate and shale intervals while promoting the reworking of associated 
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sandstones through the base of the Mississippian System.  Succeeding Pennsylvanian strata 
represent first cycle sandstones with a record of increasing metamorphic rock fragments in the 
younger portions of the section.  Depressions were created at the margins of the uplifts, but none 
were deep or extensive enough to preserve a significantly thicker record.  With a position within 
the “Limestone Belt” at 30o north and south latitude for most of the Paleozoic, periods of 
stability while the Ozark Dome was low allowed epeiric seas to cover much of the southern 
midcontinent with limestone or dolomitic limestone.  As noted, this pattern of alternating 
reworked sandstones and shallow-water limestones with thinner, scattered shales characterizes 
the record of the southern Ozark region until the Pennsylvanian.   
Chinn and Konig (1973) calculated a regional basement dip of 19’ using a single, 
essentially north-south cross-section line across the southern Ozarks, which would change 
elevation by about 31 feet in a mile.  This dip value certainly falls within the range of the 
southern Ozark Dome and adjacent NASP, but dip values vary across the region, and three-point 
resolutions are more reflective of the true structural relationships.  In this paper, trigonometric 
three-point computations of the dip angles begin with the basement, proceeding to the top of the 
Paleozoic record at various stratigraphic intervals.  Assuming original horizontality, dips range 
from 0.10-10 at 15 feet/mile to 90 feet/mile to the south,  3.60 at 142 feet/mile to the northwest, 
and 1.80 at 142 feet/mile to the southeast. These calculations confirm a pattern of small, periodic 
uplifts that increased the regional dip across the developing broad shelf (NASP) bordering the 
core of the Ozark Dome, encompassing what is now Northern Arkansas, Southern Missouri, and 
Northeast Oklahoma.  These uplifts influenced the depositional dynamics of the interval, 
encouraging terrigenous clastic deposition, particularly reworking, that resulted in a variety of 
sandstones through the Paleozoic record.  During intervals of no tectonic activity, erosion 
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reduced the sedimentary column and allowed deposition of broad platform carbonates across the 
midcontinent by epeiric seas. 
GEOLOGIC SETTING 
The southern Ozark region, particularly the NASP, is bounded by three southern North 
American midcontinental structural provinces: the Ozark Dome core to the north, the Arkoma 
Basin to the south, and the Gulf Coastal Plain, including the Mississippi Embayment, to the east. 
The Ozark Dome is a broad, asymmetrical, cratonic uplift cored by Precambrian granite and 
rhyolite that is exposed in the St. Francois Mountains region of southeastern Missouri (Fig. 1).  
The St. Francois Mountains, the center of the Ozark Dome, was uplifted sporadically, beginning 
already in the Precambrian, but became stable during the Pennsylvanian (Bretz, 1965; Ervin and 
McGinnis, 1975). Lower Paleozoic strata dip gently away from the dome core in all directions.  
Consequently, strata in northern Arkansas, become younger to the south, east, and west, 
including where major northeast-trending normal faults, downthrown on the east, interrupt the 
continuity of the succession. 
Three broad plateaus - the Salem, the Springfield, and the Boston Mountains - from 
oldest to youngest topographically, comprise the southern Ozark region.  There, the Salem 
Plateau (Fig. 1) has the greatest extent and includes mostly Lower Ordovician dolomites, 
limestones, associated with orthoquartzitic sandstones and mostly minor shales. The Devonian 
and Silurian components are thin and only sporadically preserved, being absent in most areas.  
The Springfield Plateau (Fig. 1) comprises thick Lower-Middle Mississippian carbonates, 
designated as the St. Joe Limestone and succeeding Boone Formation, resting unconformably on 
exposed older carbonates of mostly Ordovician age, but also underlain by Silurian or Devonian 
strata in some places. The youngest and highest Boston Mountains Plateau (Fig. 1) exposes a 
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lower-middle Pennsylvanian sequence represented by the Hale, Bloyd, and Atoka Formations 
(ascending order).  This interval is mostly alternating sandstone and shale, with minor, quartz-
bearing limestones. 
  
Figure 1.  Geologic provinces of Arkansas and adjacent regions, southern Midcontinent 
(Modified from Manger et al., 1988). 
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CROSS-SECTIONS ALONG STRIKE 
Stratigraphic data for this study were compiled from twenty-three geophysical logs (Fig. 
2). The logs were processed using the IHS Petra Workstation in the Department of Geology, 
University of Arkansas.  Correlations were generated that provided information on geologic 
formations penetrated, thicknesses, and tops; contour maps were made to determine the location 
and timing of structural movements, and locate buried structures in regions where formations 
predictably become thinner or thicker over structural crests or troughs respectively.  These 
relationships are displayed as two cross-sections: Figure 3 an east-west (strike) cross section 
based on gamma-ray, induction, and resistivity logs from locations in the southernmost Missouri 
part of the study area; and Figure 4 an east-west (strike) cross section based on similar gamma-
ray, induction, and resistivity logs from locations in the northern Arkansas part of the study area.  
 
Figure 2. Base map of study area.  
The east-west, strike cross-section across southern Missouri (Fig. 3) illustrates the 
Arbuckle-Powell (Early-Middle Ordovician) thick carbonate package exposed over most of 
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southeastern Missouri, with a significant unconformity between that interval and the succeeding 
Chattanooga Shale (Upper Devonian) or Lower Mississippian Boone interval).  Note the 
downwarp of the post-Ordovician section likely the response to movement on the Bourbon Arch 
further to the north of this line of wells (Fig. 3).  Periodic uplift of the southern flank of the 
Ozark dome resulted in removal of the stratigraphic record likely spanning the interval from the 
Upper Mississippian through the Middle Pennsylvanian.  This same history eventually exposed 
the Precambrian core of the Ozark Dome (Fig. 1).    
 
Figure 3. East-west (strike) cross section based on gamma-ray, induction, and resistivity logs 





Figure 4. East-west (strike) cross section based on gamma-ray, induction, and resistivity logs 
from locations in the northern Arkansas part of the study area. 
The east-west, strike cross-section across southern Arkansas (Fig. 4) illustrates a more 
complete record of the section from the Precambrian basement including the Upper Cambrian 
Lamotte, Arbuckle-Powell (Early-Middle Ordovician), St. Peter (Middle Ordovician), Joachim 
through Kimmeswick (Middle-Late Ordovician), Cason, St. Clair and Lafferty (Silurian),  
Penters (Early Devonian), Chattanooga (Late Devonian),  St. Joe-Boone (Early Mississippian), 
Batesville/ Hindsville, Fayetteville, Pitkin (Upper Mississippian), and intervals representing the 
Morrowan and Atokan Series, Early Pennsylvanian that are undifferentiated (Fig. 4).  Note that 
several of these lithostratigraphic intervals are bounded by unconformities discussed later in this 
paper.  This cross-section clearly shows the influence of periodic uplifts on the western portion 
of the NASP that likely produced the Bourbon Arch in southwestern Missouri.  On the eastern 
side of the cross-section, the pinch-out of the Pitkin Limestone (Upper Mississippian) and 
thickening of the Morrowan and Atokan Section (Early Pennsylvanian) into the western flank of 
the Mississippi Embayment, which is a faulted basin plunging to the south (Fig. 4).        
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TRIGONOMETRIC THREE-POINT PROBLEMS 
The three-point equation was used to calculate the dip angles at various stratigraphic 
intervals beginning with the basement surface and concluding with the top of the youngest 
Paleozoic formation in the dissertation area. 
  δ = arctan  (
I
H
)         (1) 
δ is the dip, H is the horizontal (map) distance between the contours, measured perpendicular to 
the contours, and I is the contour interval.  
The following Figures 5-7 are structure maps on the top of the basement (Fig. 5), and top 
of the St. Peter Sandstone (Fig. 6) respectively, while Figure 7 illustrates the average dip angles 
from the Precambrian through the top of the exposed Pennsylvanian section.  Except for three 
local topographic highs in the northwest Arkansas region, the basement is a broad, flat to gently 
dipping surface (Fig. 5). The general strike is in an east-west direction, and the regional dip is 
oriented north-south. The dip angles vary from 0.10-10 at 15 feet/mile to 90 feet/mile to the south 
and steepen to 3.60 at 142 ft/mile to the northwest.  The angles decrease to 0.20-3.40 on the 
Lamotte (Late Cambrian), 0.10-1.40 on the Gasconade (Early Ordovician), and 0.20-2.90 on the 
Cotter Early Ordovician). These values reflect a steady, but slow subsidence, likely driven by 
shrinkage during emplacement, and cooling of the molten basement (Johnson et al., 1988), 
associated with a steady sea level rise that produced local and regional carbonate buildups that 
characterize the Upper Cambrian-Lower Ordovician record across the area. Beyond the St. Peter 
system, the dip values fluctuate between 0.20-10  at 38 feet/mile to 71 feet/mile to the south and 
1.80 at 142 feet/mile to the southeast, reflecting initiation of structural movement producing 
cycles of submergence and emergence across the region.  
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The plot of the average dip angles revealed three major inflection points at the tops of the 
Lamotte, St. Peter and Pitkin intervals with minor occurrences at various intervals throughout 
Paleozoic time (Fig. 7). The inflection points on the curve denote times where uplift or 
subsidence was greatest. A bed thickness can increase down-dip toward the depositional low in 
the case of a subsiding basin, causing the angle to increase down-dip, or decrease updip against a 
topographic high in the event of an uplift, causing the angle to decrease updip. However, there is 
no direct relationship between the dip magnitude and strata thicknesses. 
 
Figure 5. Structure map, top of the basement rocks in the study area. Calculated depths are based 
on sea level, not elevation. Structural characteristics are to the southwest. Color bar: Red =  
shallower and Purple = deeper. Contour interval = 250 feet. Irregular topographic highs are 
present at the southwestern corner of the map reflect basement rock tops, but disappear on the St. 
Peter contour map (Fig. 6). The standard graphical solution is shown by inset squared area 




Figure 6. Structure map of the top of the St. Peter Sandstone. Structural characteristics follow 
regional dips to the south. Red =  shallower and Purple = deeper. Contour intervals are 250 feet. 




Figure 7. Average dip angles, beginning from the basement to the top of the Paleozoic section 
taken at various intervals. The angles range 0.10-10 at 15 ft/mile to 90 ft/mile to the south, 3.60 at 
142 ft/mile to the northwest, and 1.80 at 142 ft/mile to the southeast. The inflection points on the 
curve denote times where epeirogenic movements were greatest. 
CONTOUR MAP AND STRUCTURAL DEVELOPMENT 
Contour maps, using structure contours, are an efficient and effective depiction of the 
attitude of a surface, the shapes of subsurface structures, a confirmation of outcrop patterns, and 
provide a basis for smoothing of local dip variations on outcrops (Groshong, 2006). Contours are 
strike lines, and dip direction is taken at a right angle to those contours (Fig. 8-16). The lines are 
parallel and evenly spaced on a planar map horizon, whereas folds or faults give rise to curved 
lines that locally deviate from parallel.  A sudden change in the contour direction implies a fold 
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hinge or fault. However, contour maps do not necessarily reflect local structures, although they 
do reveal the general structural associations across an area 
A quick examination of the contour maps reveals the following: structural highs in 
Washington County (Figs. 8-10), the disappearance of the highs and development of featureless 
S-E strike lines (Fig. 11), and a reemergence and departure of the highs respectively (Figs. 12 
and 13). It also shows that five primary structural flexures on the Lamotte, Gasconade, Cotter, St. 
Peter, and Chattanooga took place across the area as reflected by the elevations of their tops 
(Figs. 8-12). 
A structural trough indicated by contours on the top of the Lamotte is present across 
western Barry-Taney Counties in Missouri, and into adjacent counties in northern Arkansas (Fig.  
8). This paleostructure marks the first structural movement in the study area, since there is no 
evidence of movement on the top of the underlying granite, consequently, it must represent the 
beginning of epeirogenic events in the area.  Lack of well control in the remaining region 
prevents a definitive depiction of the spatial extent of the trough and other features.  
Another set of paleostructures appear on the Gasconade structure map (Fig. 9). The 
elongate trough that was on the Lamotte top divided into two new structures: an arch in the Stone 
and Taney Counties and a depression in Ozark County, southern Missouri (Fig. 9). Also, the 
broad ridge in Newton County and paleovalley in Washington-Madison area, Arkansas (Fig. 9) 
developed into a distinct structure, while more than half of the south is undeformed (Fig. 9). 
Consequently, the dips on the Gasconade top decreased to 0.10 and 0.30 at 7 feet/mile and 10 
feet/mile to the south. These structural growths on the Gasconade contours indicate the second 




Figure 8. Structure map of the Lamotte (Late Cambrian)top. Structural features are to the south-
southeast. Red at top of color bar indicates shallow, while purple denotes deep. Contour intervals 
are 250 feet. The appearance of troughs across western Barry into Taney counties and adjacent 
counties in northern Arkansas reflects the onset of the first epeirogenic event in the area. 
 
Figure 9. Structure map of the Gasconade(Early Ordovician) top. Structural characteristics 
follow regional dip to the south. Red at the top of the color bar indicates shallow, while purple 
denotes deep. Contour intervals are 100 feet. Formation of an arch in Stone and Taney counties 
and depression in Ozark County in southern Missouri and an evolution of elongate ridge over 





Figure 10. Structure map of Cotter Dolomite (Early Ordovician) top. Structural characteristics 
follow regional dip to the south. Red color bar in the top right-hand corner signifies shallow and 
purple denotes deep. Contour intervals are 250 feet. The map shows the formation of new arches 
and troughs, and beveling of the northwestern structural highs – all represent another significant 
epeirogenic uplift and subsidence in the area. 
 
Figure 11. Structure map of the St. Peter top. Contour intervals are 250 feet.  The chart shows the 




Figure 12. Structure map of the Chattanooga (Late Devonian) top. Contour intervals are 200 feet.  
The map shows some arches and troughs across Boone, Washington, Madison, Newton-Searcy 
contact, Franklin, Van Buren, and Pope Counties. 
 
Figure 13. Structure map of the Batesville top. Contour intervals are 250 feet. The only structural 
development is the disappearance of the trough and arch in western Arkansas, creating a 




Figure 14. Structure map of the Fayetteville Shale(Late Mississippian) top. Structural 
characteristics follow regional dip to the south. Contour intervals are 250 feet. 
 
Figure 15. Structure map of the Pitkin Limestone (Late Mississippian)top. Structural 
characteristics follow regional dip to the south. Red color bar in the top right-hand corner 
signifies shallow and purple denotes deep. Contour intervals are 250 feet. The pre-St. Peter 
topographic highs in the west-northwest corner have disappeared, the contour lines straightened, 
and the pre-Lower Ordovician strata are absent in the entire north, indicating a significant uplift 




Figure 16. Structure map of the Bloyd Formation (Early Pennsylvanian)top. Structural 
characteristics follow regional dip to the south and are unchanged from the Batesville through 
Bloyd tops. Contour intervals are 250 feet.  
Troughs within the Washington-Madison, Carroll-Boone, Newton-Searcy, Stone, and the 
entire northern Boone-Marion Counties, and arches across portions of Benton, Carroll, and 
Searcy Counties developed on the top of the Cotter by the end of Early Ordovician time, marking 
the third tectonic event (Fig. 10). The depression formerly situated within the Newton and Boone 
County area deepened and moved slightly clockwise to the east and south of the map.  The dip 
slightly increased to 0.20-1.20 at 38 feet/mile to 67 feet/mile to the south and 125 feet/mile to the 
southeast. 
The fourth episode of structural flexures is visible on the St. Peter structure map (Fig. 6). 
The pre-St. Peter topographic highs in west-to-northwest Arkansas on the Upper Cambrian-
Lower Ordovician contour maps have disappeared, and the contour lines have become 
featureless E-W strike lines. Also, the strata in the north were uplifted and truncated across the 
St. Peter top.  Over time, the trough between Newton-Searcy Counties (Cotter map) shallowed 
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and migrated slightly southeast to the adjacent northern region of Johnson and Pope Counties as 
indicated by the St. Peter top. Then, it widened, covering the central area of Franklin and 
Johnson Counties, while several other arches and troughs developed on the Chattanooga top 
(Fig. 12).  
This tectonic configuration on the St. Peter contours persisted until the close of the 
Devonian when the resumption of epeirogenic events interrupted the tectonic framework and 
produced new troughs and arches on the Chattanooga contour map (Fig. 12). These troughs are 
present in southwest Boone, central Washington, West Madison, Newton-Searcy border, central 
Franklin, South Van Buren, and west-central Pope Counties. Similarly, the arches are in East 
Carroll, Madison-Newton border, Searcy, Crawford-Franklin, central Washington, and West 
Pope and Van Buren Counties.  The dip on the St. Peter top varies from 0.70-10 at the rate of 90 
ft/mile to 83 ft/mile to the south and 125 ft/mile to the southeast. On the Chattanooga top, the dip 
values dropped across the area to 0.30-0.50 at 28 feet/mile to 58 feet/mile in a north-to-south 
orientation. This structural warping formed the fifth episode of epeirogenic events. The same 
structural configuration persisted into the Atokan time with slight modifications based on the 
slight reduction of dip angles (10) in the north and increased in the south (0.70) at the rate of 31 
feet/mile to 71 feet/mile to the south.  
ISOPACHOUS MAPS AND PALEOGEOGRAPHY 
The isopachous maps in Figures 17-25 display thickness variations for particular intervals 
based on measurements at different points.  If the top surface of a unit is horizontal, then any 
differences in its thickness, as shown by isopachous maps, are due to changes in its basal surface, 
which would be the influence of paleotopography. Therefore, an isopach map can be interpreted 
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as a paleotopographic map, if the top of a unit was near horizontal at the end of the depositional 
interval, or a paleostructural map, if the paleotopography is structurally controlled (Groshong, 
2006).  
Post-depositional erosion, paleotopographic irregularities, irregularities of thickness 
associated with proximity to the sediment source, anomalies due to waves and currents, and 
differential rate of subsidence and compaction on buried structures control the thickness of a 
particular stratigraphic unit. Post-depositional erosion may erode part or all of a given succession 
at a topographic high and deposit the erosional material in a topographic low. Structural features, 
such as folds or faults, may also control variations in the thickness of a stratigraphic unit.  
Analysis of the isopachous maps revealed that the thickness distribution of Lamotte, 
Gasconade, Cotter, and Boone isopachs (Figs. 17-22) are structurally-controlled by basement 
highs, troughs, and arches, and correlate with the strata thicknesses; paleostructures controlled 
the paleotopography, which produces the observed thickness variation of the units (Figs. 17-22). 
Conversely, post-depositional erosion and differential rates of uplift and subsidence controlled 
the thicknesses of the remaining stratigraphic intervals, since the thickening or thinning trend 




Figure 17. Isopachous map of the Lamotte Sandstone displaying the distribution of thickness. 
The contour interval is 10 feet. This map shows a  well-defined northeast and southwest 
thickening trend of the unit, indicating northeasterly and southwesterly source areas.  
 
Figure 18. Isopachous map of the Davis-Gasconade interval displaying the thickness distribution. 
The contour interval is 300 feet. This shows a definite east thickening trend of the unit, 




Figure 19. Isopachous map of the Roubidoux-Cotter interval displaying the distribution of 
thickness. The contour interval is 50 feet. This map shows a definite northeast thickening trend, 
and none contours on the whole south-southeast section, reflecting the southeast-northwest tilt 
and erosional truncation during the Lower Ordovician. 
 
Figure 20. Isopachous map of the Everton-St. Peter interval displaying the thickness distribution.  
The contour interval is 150 feet. The map shows a definite northeast-southeast thickening trend 
of the unit, indicating northerly and southeasterly source areas. The Everton Dolomite and St. 




Figure 21. Isopachous map of the Joachim-Chattanooga interval displaying the thickness 
distribution. The contour interval is 150 feet. The map shows a well-defined northeast and south 
thickening trend of the unit, indicating northeasterly and southerly source areas. The St. Peter-
Chattanooga interval makes up the Chattanooga isopachous map. 
 
Figure 22. Isopachous map of the St. Joe and Boone Formations. The contour interval is 50 feet. 
The map exhibits no thickening trend of the unit, indicating the importance of paleotopographic 





Figure 23. Isopachous map of the Batesville Formation. The contour interval is 10 feet. The map 
shows a definite south-to-southeast thickening trend of the unit, indicating southernly and 
southeastern source areas. 
 
Figure 24. Isopachous map of the Fayetteville Shale. The contour interval is 10 feet. The map 
shows a clear southeast thickening trend and secondary northwest depocenter, indicating south-




Figure 25. Isopachous map of the Morrowan interval. The contour interval is 140 feet. The map 
shows a clear southeast thickening trend indicating south-to-southeastern source area. The 
secondary northwest depocenter had disappeared by the Morrowan time. 
UPPER CAMBRIAN-LOWER ORDOVICIAN 
Precambrian igneous rocks crop out in the St. Francois Mountains, southeastern Missouri.  
Known depths to the basement have been reported as 4996 feet (USA Pan American B Well at 
T13N R22W S28 (Newton County) to 5701 feet (Gulf Oil Corporation Mowery 1 Well at T10N 
R32W S14 (Crawford County) in northern Arkansas.  The dip on the basement varies from 0.40-
0.80 at 38 feet/mile to 70 feet/mile to the south and 3.60 at 142 feet/mile to the northwest (Fig. 2).  
Deposition started with the encroachment of the Cambrian seas onto the eroded 
Precambrian basement surfaces and initiating accumulation of the Lamotte/Reagan Sandstones, 
the first sedimentary rocks across the region. The Lamotte deposition began the prolonged, but 
slow period of subsidence during which more than 9,000 feet of Paleozoic sedimentary 
succession accumulated (Bello, 2017).  
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The thickness of the Lamotte varies from 280 feet in the southwest and northeast, to 30 to 
90 feet in the northwest through the central part of the mapped area (Fig. 17), and is apparently 
absent in the northwest Oklahoma area. The dip increased to the north (0.80) and south (0.90) at 
the rate of 45 feet/mile to 90 feet/mile in a north-south orientation and 142 feet/mile to the 
northwest.  
Subsequent transgression of the Lower Ordovician seas produced a carbonate shelf, 
where Lower Ordovician thick carbonate units and minor sands accumulated following Lamotte 
deposition.  Consequently, the carbonates aggraded substantially and kept pace with 
transgression in response to the expanding accommodation space, depositing nearly horizontal 
strata based on the dip values (0.10-0.80). The thickness of the Gasconade Formation correlates 
with the stratigraphic trend of the Lamotte Sandstone, thickest in the northeast and thinnest in the 
southwest and northwest regions (Fig. 18). The thickness anomalies are structurally-controlled. 
The exception is the zero isopach line in south-southeast Arkansas. 
The Cotter isopachous map (Roubidoux-Cotter interval) is thickest in the east and 
thinnest in the west-central region; the secondary depocenter of Gasconade strata in western 
Arkansas reflects isopach lines found on the Cotter map (Fig. 19). On this figure, the core 
depositional area at the northeast on previous isopachous maps moved clockwise slightly to the 
east into Newton County and the northeast and southeast areas of the map recorded zero 
thickness.  
The primary depositional area moved eastward across the Cotter interval (Fig. 19) from 
the previous northeastern zone identified on pre-Cotter maps (Figs. 17 and 18),  the average dip 
decreased from 1.70 (Lamotte top) to 0.70 (Cotter top),  the zero thickness occurs in the northeast, 
south, southeast areas of the Gasconade (Fig. 18) and Cotter (Fig. 19), and the arches and troughs 
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are consistent with structural warping and post-depositional erosion. The distribution and 
differences in the stratigraphic thicknesses across the region, including their absence in some 
areas, are partly due to paleostructures and partly due to post-depositional erosion.  However, 
structural flexures played a more significant role in the differences, since the thickness trend 
correlates with the paleostructures.  
MIDDLE ORDOVICIAN-UPPER DEVONIAN 
Emergent conditions triggered by episodic transgressive-regressive cycles that started 
toward the close of the Lower Ordovician continued into the Devonian time and produced 
several unconformities that punctuated the interval sedimentary succession.  However, the area 
was tectonically stable, since no new structural features developed throughout this time interval. 
The arch situated within the Searcy County on the Cotter top was also present on the St. Peter 
and Chattanooga structure maps.  Despite the presence of the arch, the area preserved the 
thickest interval of both the St. Peter and Chattanooga.  By comparison, the Middle Ordovician-
Upper Devonian section is thinnest in the northwest, absent in the north, and thickest in the south 
and east (Figs. 19 and 20). The thickness varies from 400 feet on the St. Peter isopachous map 
(Fig. 19) to 725 feet on the Chattanooga map (Fig. 21) in the east and south, where they are 
thickest and thin to 80 feet in the northwest region on both isopachs. The thickness trend is 
reflective of post-depositional erosion since it did not correlate with paleotopographic structures. 
Therefore, the lack of strata in the entire north is due to post-depositional tilting to the south and 
subsequent truncation by Middle Ordovician-Devonian erosion. The slight shift of the primary 
depositional center to the south-southeast on both the St. Peter and Chattanooga tops from the 
dominantly northeastern region on pre-St. Peter maps are consistent with a tilt and downwarp to 




The St. Joe-Boone isopachous map identifies the thickest interval inside the central 
region, varying from 600 feet in the central Searcy area to over 1100 feet at the intersection of 
Washington, Madison, Crawford, and Franklin Counties (Fig. 22). The interval thins southward 
and westward away in both directions from the central area. The thickness trend of this interval 
correlates with the underlying paleotopographic structures. The dip on the Boone top varies from 
0.20-0.50 at 31 feet/mile to 39 feet/mile to the south. The gradient is relatively shallower than the 
Chattanooga’s (28-58 feet/mile). The reduction in the slope values is due to the carbonate 
buildup that kept pace with or outpaced subsidence in the southern portion post-Devonian time. 
Therefore, carbonate accumulation and paleotopography of pre-Mississippian rocks controlled 
the thickness distribution of the Lower-Middle Mississippian interval. The carbonates 
accumulated as a transgressive sequence that blanketed the entire region and ended the system’s 
ability to rework older deposits following the end of Devonian uplift. This trend of thickness is a 
reflection of relative tectonic stability and steady subsidence that typified the Lower-Middle 
Mississippian system. 
On the Batesville isopachous map (Fig. 23), the thickness is over 140 feet in the east-
southeastern part of Stone and Pope Counties and approximately 130 feet within eastern Carroll 
and western Boone Counties, where it formed a secondary depocenter. The thickness decreases 
to 20 feet northwestward toward the broad, elongated structural high at the northwest location. 
By Fayetteville time, a secondary depocenter in the northeast area grew and extended across 
Washington and Carroll Counties, preserving a thickness of over 270 feet.  
The entire interval (Upper Mississippian-Middle Pennsylvanian) is thickest in the south-
southeast, reaching over 2000 feet in Pope and Van Buren Counties on the Fayetteville and 
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Bloyd (Morrowan) isopachous maps (Figs. 24-25). The dip on the Fayetteville top varies from 
0.60-0.80 at 61 feet/mile to 90 feet/mile to the south. On the Pitkin contours, it is 0.80-1.50, 
decreasing at 62 feet/mile to 71 feet/mile to the south-southeast. The Pennsylvanian strata dip 
from 0.50 to 0.60 at the rate of 51 feet/mile to 59 feet/mile to the south. The amount is slightly 
lower on the Pennsylvanian succession than it is in the Chesterian sequence (51 feet/mile to 71 
feet/mile), indicating increased peneplation in the north and continuous subsidence and 
deposition in the south.  
The formation of the secondary depocenter in the north-northwest and its disappearance 
is post-Mississippian; the clockwise migration of the primary depozone from the east-to-south 
portion on pre-Mississippian maps to the south-southeastern region on the Upper Mississippian-
Middle Pennsylvanian time, and the general lack of strata in the entire north, are consistent with 
post-depositional erosion and structural flexure, especially toward the close of Mississippian 
time. The lack of strata in the north is due to post-depositional tilting to the south and subsequent 
post-depositional truncation by erosion. The development of the secondary depocenter in the 
north-northwest region in the Upper Mississippian maps is both erosional and availability of new 
provenance terrain to the north-northwest of the southern Ozarks (Fig. 24). The erosion of such 
new terrane to the north-northwest could possibly have led to the deposition of the Wyman and 
Wedington Sandstones of Mississippian age, but that interval has not been examined in detail for 
the present study.  
SUMMARY 
The general strike across the southern Ozarks is in an east-west direction. The dip ranges 
from 0.10-10 at 15 feet/mile to 90 feet/mile to the south and 0.10-3.60 at 142 feet/mile to the 
northwest on the Precambrian granite. Above the St. Peter Formation, the dips fluctuated 
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between 0.20-10, varying at 38 feet/mile to 71 feet/mile to the south and 1.80 at 142 feet/mile to 
the southeast.  
The examination of the isopachous maps showed that structural highs existed in the 
Washington County area during the Cambrian-Lower Ordovician and Upper Devonian-Upper 
Mississippian time (Figs. 16-18 and 20-21). The development of featureless E-W strike lines 
followed the disappearance of the structural highs during the Middle Ordovician-Middle 
Devonian and the Pennsylvanian time.  It also revealed that five primary structural flexures 
occurred at the top of the Lamotte, Gasconade, Cotter, St. Peter, and Chattanooga Formations 
respectively. 
The analysis of the isopachous maps revealed that these paleostructures controlled 
thickness trends of the Lamotte, Gasconade, Cotter, and Boone since the highs in Washington 
County and positions of the troughs and arches correlate with strata thicknesses during the Upper 
Cambrian-Lower Ordovician and Lower-Middle Mississippian time. In contrast, post-
depositional erosion controlled the thicknesses of the remaining stratigraphic intervals, since 
their trend differs with the positions of the paleostructures. 
At the beginning of the Upper Cambrian, the basement surface consisted of topographic 
highs in the northwest region of Arkansas. A broad, gently undulating arch and trough that 
sloped south to southeast defined the remaining area. Except for these basement highs,  the 
paleostructures in the area developed during the Upper Cambrian, Lower Ordovician, Middle 
Ordovician, Upper Devonian, and Upper Mississippian as a result of differential epeirogenic 
movements. These events produced arches and troughs that played a significant role in the 
growth of the southern Ozark platform and successive depositional and structural trends that 
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shape the entire region’s Paleozoic history.  However, the topographic highs along the northwest 
edge of the map were short-lived and influenced the depositional system for only a short period. 
The transition from the Precambrian-Middle Cambrian positive surface undergoing 
erosion by the Upper Cambrian was the first significant tectonic change in the area. However, 
epeirogenic movements started with the development of the trough that developed across western 
Barry-Taney counties to adjacent counties in the northern Arkansas region during the Lamotte 
system. Successive warping and periods of submergence and emergence during Upper 
Cambrian-Ordovician time produced several recognizable lithostratigraphic units and associated 
arches and troughs within this predominantly carbonate rocks. The lack of significant 
unconformities within the Upper Cambrian-Lower Ordovician section denotes little tectonic 
activity and illustrate the importance of deposition-driven subsidence that typified this period.  
Conditions of emergence and subsidence were continuous from the Middle Ordovician 
through the close of the Devonian, producing elongated arches and troughs along the Madison, 
Boone-Carroll County border, Crawford, and Pope Counties on the Chattanooga top. Throughout 
this period, the region was tilted to the south. The slight shift of the primary depositional center 
to the south-southeast on both the St. Peter and Chattanooga isopachs from the dominantly 
northeastern area is consistent with epeirogenic movements.  
The disappearance of the paleostructural highs and the reemergence of featureless E-W 
strike lines in western Arkansas represented the sixth and marked the last major structural 
warpings in the area. These epeirogenic movements were on a local scale and did not disturb the 
importance of sea level changes and other processes that affected the depositional system 
regionally. Multiple sea level rises that crossed the area from the south perhaps responded to 
larger scale eustatic or regional tectonics that is beyond the scope of this paper. 
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These analyses confirm a pattern of small, periodic uplifts that increased the regional dip 
and established the broad shelf border of the core of the Ozark Dome. The uplifts influenced the 
depositional dynamics, promoted deposition of sandstones by reworking, while intervals of no 
tectonic activity encouraged erosion and carbonate build-ups across the region. 
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PALEOZOIC SANDSTONES IN THE TRI-STATE REGION, SOUTHERN OZARKS: 
TECTONO-STRATIGRAPHIC SEQUENCE DEVELOPMENT AND COMPOSITIONAL 
EVOLUTION, THE SOURCE AND DELIVERY CONUNDRUM, AND THE REGIONAL 
TECTONIC HISTORY 
 
Elvis C Bello 




Petrographic analysis of the Paleozoic sandstones of the southern Ozark Dome comprise 
five related, but distinct intervals: 1) first cycle arkose/litharenite, typically with a basal 
conglomerate, succeed by subarkose/ sublitharenite finally to quartzarenite assigned to the Upper 
Cambrian Lamotte Formation; 2) after an interval of carbonate deposition, sandstones of the 
Lower Ordovician Gasconnade and Roubidoux Formations reflect continued reworking of the 
Lamotte interval producing subarkoses, sublitharenites, and finally quartzarenites; 3) well 
rounded, well sorted, quartzarenites and orthoquartzites that reflect reworking of the post-
Lamotte quartz sandstones of the southern Ozarks and are represented by all or portions of the 
Lower Ordovician to Lower Mississippian Cotter-Everton-St.Peter-Clifty-Sylamore-Bachelor 
intervals. The Bachelor Sandstone, the basal member of the St. Joe Formation, Lower 
Mississippian, is the last orthoquartzite in the southern Ozark succession; 4) the Lower 
Mississippian Boone Formation, a chert-bearing limestone, is the thickest and most extensive 
post-Lower Ordovician, the pre-middle Pennsylvanian interval in the southern Ozarks.  This 
limestone interval stopped significant reworking, and the Upper Mississippian records first cycle 
sandstones with few metamorphic rock fragments for the Batesville-Wyman-Wedington-Imo 
Sandstone interval; 5) first cycle sandstones with a substantial contribution by metamorphic rock 
fragments comprise the Pennsylvanian portion of the succession.  The Hale and succeeding 
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Bloyd Formations, Morrowan, Lower Pennsylvanian, exhibit scattered to common metamorphic 
rock fragments, while the Atoka Formation, Middle Pennsylvanian, the thickest Paleozoic 
terrigenous clastic interval in the southern midcontinent unit and youngest stratigraphic unit in 
the Paleozoic succession of the south Midcontinent preserves common to abundant metamorphic 
rock fragments.  
The interplay between eustasy – a change in the total volume of global seawater, 
producing a stratigraphic sequence record, and tectonism - a change in elevation of earth’s crust; 
uplift or subsidence, providing or reducing accommodation space controlled the 
tectonostratigraphy in the area. The two processes provided the basis for the organization of the 
Paleozoic record into five separate, but related, tectonostratigraphic units (TS1-TS5): (TS1) Late 
Precambrian-Middle Cambrian, (TS2) Upper Cambrian-lowest Ordovician, (TS3) Lower 
Ordovician-Lower Devonian, (TS4) Middle Devonian-Upper Mississippian, and (TS5) Lower-
Middle Pennsylvanian. TS1, a pre-Late Sauk Sequence, is the least well-known succession, 
consisting of emplaced igneous and low-ranked metasedimentary bodies, and pre-Lamotte 
sedimentary rocks. TS2, Late Sauk Sequence, is potential >3075ft of dolomites and sandstones. 
TS3, Tippecanoe Sequence, is the penultimate thickest interval, possibly >4125ft of dolomites, 
limestones, shales, and supermature sandstones. TS4, Kaskaskia Sequence, measures at least 
2416ft of mixed lithologies. The final TS5, Lower Absaroka Sequence, is the thickest interval, 
>4160ft of first-cycle sandstone, and shale, that may exceed 25,000ft in the adjacent Arkoma 
Basin.  
The three-point calculations of the dip angles from the basement to the top of the top of 
the Atokan unit produced dips that range from 0.10-10 to the south, 3.60 to the northwest, and 1.80 
to the southeast. The calculation confirmed a pattern of small, periodic uplifts that increased the 
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regional dip and established the broad shelf bordering the core of the Ozark Dome across the 
study area - North Arkansas, Southern Missouri, and Northeast Oklahoma.  These uplifts were 
enough to influence the depositional dynamics, encouraging terrigenous clastic deposition as a 
variety of sandstones through the Paleozoic, while intervals of no tectonic activity allowed 
erosion to reduce the sedimentary column and produced deposition of broad platform carbonates 




















Table 1. Generalized stratigraphic section for northern Arkansas and corresponding thickness. 
 
Arkansas Northwest North-Central  
Min (ft.) Max (ft.) Min (ft.) Max (ft.) 
Atoka Formation 120 3000  
Bloyd Formation 175 760 50 180 
Hale Formation 5 400 70 250 
Pitkin Limestone 4 400 40 260 
Imo Sandstone 14 140 15 100 
Upper Fayetteville  8 100 80 120 
Wedington Sandstone Member  2 104 20 70 
Lower Fayetteville 28 272 215 200 
Batesville Sandstone  10 50 20 262 
Hindsville Limestone 40 80 2 45 
Wyman Sandstone 1 12   
Moorefield Shale 2 300 20 50 
Boone Formation 196 375 20 335 
St. Joe Limestone 24 140 0 85 
Bachelor Sandstone Member 0 5 0 15 
Chattanooga Shale 10 52 0 21 
Sylamore Sandstone 0 70  
Clifty Sandstone 0 12 
Penters Chert 20 90  79 
Lafferty Limestone 5 20 0 15 
St. Clair Limestone 0 100 0 15 
Brassfield Limestone 0 38 0 15 
Cason Shale 5 30 0 57 
Fernvale Limestone 10 100 0 60 
Kimmeswick Limestone 0 55   
Plattin Limestone 4 250 0 160 
Joachim Dolomite 3 117  91 
St. Peter Sandstone 30 175 15 158 
Everton Dolomite 15 300 60 640 
Powell Dolomite 0 66 2 215 
Cotter Dolomite 60 400 340 500 
Jefferson City Dolomite 365 373 4 365 
Roubidoux Formation 174 210 100 241 
Gasconnade Dolomite 300 606 350 810 
Eminence Dolomite 200 350 0 500 
Potosi Dolomite 30 45 
Derby-Doerun Dolomite - Davis 
Formation 
0 60 60 766 




Table 2. Generalized stratigraphic section for southern Missouri and their corresponding 
thickness. 
 
Missouri  Southeast Southwest 
 Min (ft.) Max (ft.) Min (Ft.) Min (ft.) 
Hale Formation 0 68  
Pitkin 82 100 
Fayetteville Shale 20 206 0 20 
Batesville Formation 0 37 0 50 
Hindsville Formation 0 32 0 50 
Carterville Formation 140 200 
Warsaw Limestone 21 34 34 100 
Keokuk - Fern Glem Formation 210 285 250 495 
Pierson Formation  5 60 
Chouteau Group 50 130 
Chattanooga Shale 0 18 2 44 
St. Laurent-Grand Tower 400 1504 0 6 
Bailey-Little Saline Formation 325 400 325 400 
Niagran Series 40 150 30 160 
Alexandrian Series 78 140 78 140 
Cincinnatian Series 200 265 50 90 
Kimmeswick Limestone 50 150 50 250 
Plattin-Decorah Formations 100 450 100 450 
Dutchtown-Rock Levee Formations 100 900 100 900 
St. Peter Sandstone 112 136 112 136 
Everton Dolomite 140 400 150 300 
Powell Dolomite - Smithville 
Formations 
150 325 150 175 
Cotter Dolomite 179 459 200 450 
Jefferson City Dolomite 125 350 200 300 
Roubidoux Formation 100 250 125 500 
Gasconnade Sandstone 100 340 330 600 
Eminence Dolomite 6 250 150 300 
Potosi Dolomite 75 300 250 300 
Derby-Doerun Dolomite 0 200 100 200 
Davis 60 230 125 225 
Bonniterre FM 10 231 200 450 






Table 3. Generalized stratigraphic section for southeast Missouri and their corresponding 
thickness. 
 
Oklahoma       
Northeast Cherokee Platform Northeast Cherokee Platform 
Min (ft.) Max (ft.) Min (ft.) Max (ft.) 
Atoka Formation  0 30   
McCully Formation Cromwell-Wapanucka 40 212 0 84 
Sausbee Formation 0 165  
Pitkin Limestone  0 180 
Fayetteville Shale Fayetteville Shale 15 185 0 75 
Hindsville Formation Batesville Sandstone 0 40 0 75 
Hindsville Limestone   5 93 
Moorefield Formation Short Creek Oolite - Quapaw FM 0 100 0 312 
Keokuk Formation Reeds Spring - Joplin Member 0 250 95 200 
Reeds Spring Limestone St. Joe Limestone Member 0 175 10 32 
St. Joe Group 0 25 
Chattanooga Shale Chattanooga Shale 0 55 0 50 
Sylamore Sandstone  0 15  
Frisco - Sallisaw 
Formation 
0 33 
Quarry Mt (St. Clair) 
Formation 
0 200 




Tyner Formation 0 89 
Burgen Sandstone 0 102 
Cotter Dolomite Cotter Dolomite 85 290 143 183 
 Jefferson City Dolomite  270 349 
Roubidoux Formation 142 193 
Gasconnade Dolomite 260 346 
Davis - Eminence FM 216 290 
Bonneterre Formation 12 60 




Table 4. Generalized stratigraphic section for northern Arkansas and the corresponding thickness of the three lithotypes.    
 
  Northwest AR         Northcentral AR         







Series Formation Min Max Min Max Min Max Min Max Min Max Min Max 
Atokan Atoka Formation 40 900 80 2010 0 90          
Morrowan Bloyd Formation 40 261 70 213 65 286 20 110 6 20 24 50 
Hale Formation 1 106 2 40 2 245 40 180 4 20 26 50 
Chesterian Pitkin Limestone     0 30 4 370     5 29 35 231 
Imo Sandstone    10 90 4 50 5 60 10 40    
Upper Fayetteville     8 100      80 120    
Wedington Sandstone  2 98     0 6 20 70        
Lower Fayetteville    28 272 0 0   215 200    
Batesville Sandstone  6 30 4 10 0 10 10 160 0 30 10 102 
Hindsville Limestone        40 80   2 15 
Wyman Sandstone 1 8     0 4      
Meramecian Moorefield Shale    2 250 0 50   20 40 0 10 
Osagean Boone Formation         196 375     0 25 20 335 
                   
St. Joe Limestone    4 40 20 100       0 60 
        0 0             
Kinderhookian Bachelor Sandstone 
Member 
0 4 0 1 0 0 0 15        
Late  Chattanooga Shale    10 52 0 0   0 21    
Sylamore Sandstone 0 35 0 10 0 25          
Middle Clifty Sandstone 0 8 0 2 0 2          
Early Penters Chert        20 90       0 79 
Late  Lafferty Limestone        5 20       0 15 
Middle St. Clair Limestone        0 100       0 15 
Early Brassfield Limestone        0 38       0 15 







  Northwest AR         Northcentral AR         







  Fernvale Limestone        10 100       0 60 
Kimmeswick Limestone        0 55          
Middle Plattin Limestone        4 250       0 160 
Joachim Dolomite    0 12 3 105   0 8 0 83 
St. Peter Sandstone 10 140 0 4 20 31 10 120   3 5 35 
Everton Dolomite 10 80     5 220 30 300     30 340 
              
Powell Dolomite        0 66       2 215 
Early Cotter Dolomite 20 70     40 330 10 80     330 420 
Jefferson City Dolomite         365 373         4 365 
Roubidoux Formation 70 150 0 5 104 55 50 160 0 10 50 71 
Gasconnade Dolomite 50 120 0 6 250 480 60 150 0 10 290 650 
Late  Eminence Dolomite        200 350          
Potosi Dolomite    0 1 30 44 0 15 0 0 0 485 
Derby-Doerun Dolomite         60 0 12 0 4 60 750 
Davis Formation         0          
        0          






















Table 5. Generalized stratigraphic section for eastern Oklahoma and the corresponding thickness of the three lithotypes. 
 
      Northeast 
Oklahoma 
        Cherokee Platform, 
Oklahoma 
      
Period Series Oklahoma Sandstone Shale 
  
Carbonates Sandstone Shale  
  
Carbonates 
Min Max Min Max Min Max Min Max Min Max Min Max 
  Atokan Atoka Formation 0 16 0 5 0 9         
Morrowan McCully 
Formation 
0 75 0 15 40 122 0 30 0 10 0 44 
Sausbee 
Formation 
  15   0 150         
Mississippian Chesterian Pitkin Limestone         0 180             
  Fayetteville 
Shale 
     15 185 0 5   0 70 
  Hindsville 
Formation 
0 10   0 30 0 50 0 8 0 110 
  Meramecian Moorefield 
Formation 
   0 15 0 85   15 0 35 0 262 
  Osagean Keokuk 
Formation 
     0 250      95 200 
  Reeds Spring 
Limestone 
     0 175      10 32 
  Kinderhookian St. Joe Group         0 25             
Devonian Late  Chattanooga 
Shale 
   0 55    0  0 50    
Sylamore 
Sandstone 
0 15        
Middle           
Early Frisco - Sallisaw 
Formations 
     0 33 
Silurian Late  Quarry Mt (St. 
Clair) Formation 
     0 200 
  Middle         
  Early Sylvan    0 25    
Ordovician   Fernvale 
(Welling) 
Limestone 
   0 13 0 12 
       0 0 






      Northeast 
Oklahoma 
        Cherokee Platform, 
Oklahoma 
      
Period Series Oklahoma Sandstone Shale 
  
Carbonates Sandstone Shale  
  
Carbonates 
Min Max Min Max Min Max Min Max Min Max Min Max 
Burgen 
Sandstone 
0 90 0 5  7 
Cotter Dolomite 4 12 0 3 81 275 
   
   
Early    6 7   137 176 
Jefferson City 
Dolomite 
          5 0 4 270 340 
Roubidoux 
Formation 
  14 18 0 3 128 172 
Gasconnade 
Dolomite 
18 23 0 6 242 317 
Cambrian Late  Davis - 
Eminence 
Formations 
0 10 0 3 216 277 
Bonneterre 
Formation 
0 6 0 4 12 50 






















Table 6. Generalized stratigraphic section for southern Missouri and the corresponding thickness of the three lithotypes. 
 




    Sandstone Shale  Limestone Sandstone Shale  Limestone 
Period Series Formation Min Max Min Max Min Max Min Max Min Max Min Max 
Pennsylvanian Morrowan   0 65 0 3 0 0 0 0 0 0 0 0 
Mississippian Chesterian   0 20 4 9 78 71           
   
Fayetteville Shale 20 160 0 6 0 40 0 18 0 0 0 2 
Batesville 
Formation 
       0 37 0 39 0 2 0 9 
Hindsville 
Formation 
       0 32 0 45 0 3 0 2 
       140 200 
Meramecian Warsaw Limestone        231 307    15 70 324 715 
Osagean Keokuk - Fern 
Glem Formations 
    0 12   




  0 15 
Devonian Late  Chattanooga Shale    0 10 0 8    1 30 0 3 
Sylamore           1 14        
Middle Fortune Sandstone 21 750 25 150 354 604 0 6        
Early Bailey-Little Saline 
Formation 
     325 400   325 400 
Silurian Late  Niagran Series    40 150 30 160 
Middle Alexandrian Series    78 140 78 140 
Early    









    Sandstone Shale  Limestone Sandstone Shale  Limestone 
Period Series Formation Min Max Min Max Min Max Min Max Min Max Min Max 
Ordovician   Cincinnatian Series 36 48 164 217 50 90 
Kimmeswick 
Limestone 
   50 150 50 250 
Middle Plattin-Decorah 
Formations 
   100 450 100 450 
Dutchtown-Rock 
Levee Formations 
   100 900 100 900 
St. Peter Sandstone 112 136    112 136        
Everton Dolomite    140 400        150 300 
          
Powell Dolomite - 
Smithville 
Formations 
   0 9 150 316    0 6 150 169 
Early Cotter Dolomite 7 16 0 6 172 437 0 10 0 4 200 446 
Jefferson City 
Dolomite 
       125 350   10   5 200 300 
Roubidoux 
Formation 
30 50     70 200 30 60     90 475 
Gasconnade 
Sandstone 
20 50 0 3 80 287 20 45 0 3 310 552 
Cambrian Late  Eminence 
Dolomite 
       6 250        150 300 
Potosi Dolomite        75 300        250 300 
Derby-Doerun 
Dolomite 
0 24 0 5 0 171 0 25 0 5 100 170 
Davis 0 2   3 60 225   14   4 125 225 
Bonniterre 
Formation 
0 12   19 10 200   13   5 200 450 








Table 7. Framework grains of the Paleozoic sandstones in the tri-state region of Arkansas, 
Missouri, and Oklahoma.      
 
Formation Quartz Feldspar Rock 
Fragments 
Lamotte  2.5 1 96.5 
 3.5 0 96.5 
 3.5 3 93.5 
 7.5 2.5 90 
 8.1 3.1 88.8 
 11.1 2.5 86.4 
 11.4 2.4 86.2 
 12.3 5.3 82.4 
 14.3 8.2 77.5 
 14.6 2.4 83 
 21.8 5.1 73.1 
 22.4 1.2 76.4 
 27.7 1.9 70.4 
 28.8 52 19.2 
 31.1 0.6 68.3 
 32.5 7.3 60.2 
 36.5 4 59.5 
 39 3.2 57.8 
 39.8 11.5 48.7 
 42.7 13.1 44.2 
 45.3 30.5 24.2 
 51.5 0 48.5 
 54.6 0 45.4 
 55.4 10.9 33.7 
 55.4 2.2 42.4 
 56.5 8.4 35.1 
 58.1 10 31.9 
 59.2 14 26.8 
 59.3 15.8 24.9 
 59.3 4.6 36.1 
 60 4.8 35.2 
 60.4 33 6.6 
 60.9 17.4 21.7 
 61.9 37.1 1 
 62.9 4.7 32.4 
 63 37 0 
 63.4 29.9 6.7 
Formation Quartz Feldspar Rock 
Fragments 
 64.2 6.9 28.9 
 64.3 4.1 31.6 
 65.6 4.8 29.6 
 65.6 31.9 2.5 
 68 12.6 19.4 
 68 8.5 23.5 
 68.6 20.2 11.2 
 68.8 8.3 22.9 
 69.8 27.6 2.6 
 71 0 29 
 72.9 0 27.1 
 73.4 7.9 18.7 
 74.3 8.9 16.8 
 74.4 23.6 2 
 74.4 12.2 14.4 
 75.3 4.6 20.1 
 75.5 0 24.5 
 75.5 0 24.5 
 76.1 18.8 5.1 
 76.1 0 23.9 
 76.8 14.4 8.8 
 77.2 6.7 16.1 
 80.8 7.7 11.5 
 80.8 0 19.2 
 80.9 1.4 17.7 
 81 12 7 
 81.2 8.9 9.9 
 81.6 7.8 10.6 
 81.8 1.1 17.1 
 81.8 0 18.2 
 85.1 3.9 11 
 86 1 13 
 86.2 8.6 5.2 
 86.3 6.1 7.6 
 87 6.2 6.8 
 87.4 19 1.6 
 87.5 0 12.5 
 87.9 6.5 5.6 
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Formation Quartz Feldspar Rock 
Fragments 
 87.9 1.6 10.5 
 88.2 11.8 0 
 88.3 2.6 9.1 
 88.4 1.1 10.5 
 89 9.9 1.1 
 89.1 9.7 1.2 
 89.2 6.2 4.6 
 89.3 10.7 0 
 89.4 9 1.6 
 89.4 1 9.6 
 89.6 8.8 1.6 
 89.9 1 9.1 
 90 6.5 3.5 
 90.4 2 7.6 
 90.8 0 9.2 
 90.8 0.5 8.7 
 91.1 0 8.9 
 91.2 8.2 0.6 
 91.5 0 8.5 
 91.5 0 8.5 
 92.2 7.3 0.5 
 92.4 1.2 6.4 
 92.4 0 7.6 
 92.4 3.5 4.1 
 92.8 0 7.2 
 92.9 1 6.1 
 93.2 4.9 1.9 
 93.2 0 6.8 
 93.5 1.6 4.9 
 93.9 0 6.1 
 94 3.3 2.7 
 94.3 2.3 3.4 
 94.5 1 4.5 
 94.7 1.1 4.2 
 95 1 4 
 95 1.3 3.7 
 95 1.2 3.8 
 95.2 3.6 1.2 
 95.3 3.1 1.6 
 95.5 0 4.5 
 95.5 0.5 4 
Formation Quartz Feldspar Rock 
Fragments 
 95.5 0 4.5 
 96 0.5 3.5 
 96 0 4 
 96 3.5 0.5 
 96.3 2.6 1.1 
 96.5 0.5 3 
 96.5 0 3.5 
 96.5 0 3.5 
 96.6 1.1 2.3 
 96.6 0 3.4 
 96.8 0 3.2 
 96.9 0 3.1 
 97 0 3 
 97 0 3 
 97 0 3 
 97 1 2 
 97.2 1.1 1.7 
 97.4 2.6 0 
 97.4 0.5 2.1 
 97.5 1.5 1 
 97.8 0 2.2 
 97.9 2.1 0 
 97.9 0.5 1.6 
 97.9 2.1 0 
 97.9 0 2.1 
 98 0.5 1.5 
 98 1 1 
 98.4 1.6 0 
 98.4 0.8 0.8 
 98.5 0 1.5 
 98.5 0 1.5 
 98.5 0 1.5 
 98.5 0.5 1 
 98.5 0 1.5 
 99 0 1 
 99 0.5 0.5 
 99 1 0 
 99 0 1 
 99 0 1 
 99.3 0 0.7 
 99.4 0.6 0 
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Formation Quartz Feldspar Rock 
Fragments 
 99.5 0 0.5 
 99.5 0 0.5 
 99.5 0 0.5 
 99.5 0.5 0 
 99.5 0 0.5 
 99.5 0.5 0 
 99.5 0 0.5 
 99.5 0 0.5 
 99.5 0.5 0 
 99.5 0.5 0 
 99.5 0.5 0 
 99.5 0 0.5 
 99.5 0.5 0 
 99.5 0 0.5 
 99.5 0.5 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
 100 0 0 
Roubidoux 65 0 2 
 66 0 10 
 60 3 9 
 67 2 5 
 63 1 17 
 76 1 4 
 83 0 3 
 75 1 2 
 74 0 0 
Formation Quartz Feldspar Rock 
Fragments 
 79 0 0 
 76 1 0 
 63 2 19 
 74 2 10 
 80 1 8 
 73 0 5 
 81 1 10 
 85 1 8 
 75 3 2 
 63 0 11 
 84 0 26 
 79 0 2 
 84 0 12 
 78 0 0 
 80 0 0 
 80 0 0 
 50 1 0 
 64 1 0 
 47 0 42 
 60 1 21 
 66 0 46 
 72 0 26 
 77 2 23 
 56 1 22 
 60 0 14 
 47 0 26 
 58 2 43 
 46 1 47 
 50 0 33 
 59 0 0 
 63 0 7 
 51 0 0 
 37 0 0 
 44 0 10 
 24 0 15 
 57 0 16 
 29 0 28 
 17 0 0 
 48 0 1 
 31 0 0 
 50 0 0 
179 
 
Formation Quartz Feldspar Rock 
Fragments 
 39 0 0 
 31 0 0 
 30 0 56 
 44  64 
 58 0 72 
 26 0 51 
 8 0 52 
 6 0 72 
 2 0 92 
 2 0 94 
 9 0 80 
 21 0 79 
 9 0 0 
Gasconade 66 0 10 
 60 3 9 
 74 0 0 
 79 0 0 
 76 1 0 
 37 0 0 
 44 0 10 
 24 0 15 
 57 0 16 
 29 0 28 
 9 0 80 
 21 0 79 
 9 0 0 
Cotter  99 0.64 0.11 
 98 0.84 1.41 
Everton  99.25 0.64 0.11 
 98.59 0 1.41 
St. Peter 99.87 0 0.13 
 100 0 0 
Clifty 100 0 0 
 99.37 0 0.63 
Sylamore 100 0 0 
 98.8 0 1.2 
 100 0 0 
 97.8 1.1 1.1 
 95.4 4.6 0 
 94.7 1.3 4 
 95.7 0 4.3 
Formation Quartz Feldspar Rock 
Fragments 
 98.9 0 1.1 
 95.7 1.1 3.2 
 98 0 2 
 98 0 2 
 98.9 0 1.1 
 97.9 0 2.1 
 94 3 3 
 100 0 0 
 100 0 0 
 100 0 0 
 94.7 4.2 1.1 
 96.9 2.1 1 
 100 0 0 




98.42 0.16 1.42 
 99.05 0 0.95 
Batesville 83 9.8 7.2 
 82.7 7.9 9.4 
 67.3 0 32.7 
 80 12.9 7.1 
 91.7 1.8 6.5 
 91 3 6 
 95.9 0 4.1 
 65.7 8.6 25.7 
 85.8 9.9 4.3 
 79.7 5.4 14.9 
 72 2.7 25.3 
 97.8 0 2.2 
 96.7 1.3 2 
 97.5 1.2 1.3 
 94.3 1.9 3.8 
 89.8 2.7 7.5 
 95.5 0.9 3.6 
 98.9 0 1.1 
 91.9 0 8.1 
 98.6 0.7 0.7 
 92.5 1.2 6.3 
 97.9 2.1 0 
 95 0 5 
 95.5 4.5 0 
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Formation Quartz Feldspar Rock 
Fragments 
 94.3 5 0.7 
 92.1 4.7 3.2 
 89.3 7.3 3.4 
 98.3 1.7 0 
 90.1 9.2 0.7 
 90.8 7.8 1.4 
 94.7 4.6 0.7 
 83.4 9.3 7.3 
 88.6 2.8 8.6 
 70.9 5.8 23.3 
 72.9 15 12.1 
 79.4 9.2 11.4 
 78.9 2.8 18.3 
 82.3 0 17.7 
Wyman 57.3 4.6 38.1 
 90.3 6.7 3 
 75.5 3.6 20.9 
 97.5 0 2.5 
 95.8 0.6 3.6 
 95.5 0 4.5 
 65.9 6.1 28 
Wedington 85.9 4.3 9.8 
 90.9 6.1 3 
 91.2 4.4 4.4 
 74.3 6.1 19.6 
 90.4 6.6 3 
 81.8 5.8 12.4 
 77.7 2.7 19.6 
 92.2 4.8 3 
 83.7 3.9 12.4 
Imo 90.9 1.9 7.2 
 36.9 1.4 61.7 
 89.6 1.6 8.8 
 84 2.4 13.6 




69.8 0.4 29.8 
 82.9 2.6 14.5 
 82.4 4.4 13.2 
 76.5 3.2 20.3 
 96 0.1 3.9 
Formation Quartz Feldspar Rock 
Fragments 
 74.2 7.5 18.3 
 90 3.4 6.6 
Hale (Cane 
Hill) 
74 2 24 
 84 2 14 
Bloyd 
(Upper) 
84.4 2.5 13.1 
 37 0 63 
Bloyd 
(Middle) 
74 2.8 23.2 
 79.3 0.5 20.2 
 73.5 0.5 26 
 78.9 0.8 20.3 
 80 0 20 
 76.1 0.1 23.8 
 69.1 0 30.9 
 81.5 0 18.5 
 60.6 0 39.4 
 79.3 0 20.7 
 79.4 0.7 19.9 
 80.3 0.6 19.1 
 82.7 0 17.3 
 77.4 0.7 21.9 
 80 0.4 19.6 
 75.1 6.8 18.1 
 73.1 1.6 25.3 
Bloyd 
(Lower) 
34.8 0 65.2 
 59.7 3.6 36.7 
 78.2 0 21.8 
 62.2 9.6 28.2 
 79.3 4.3 16.4 
Atoka 90.2 8.8 1 
 87.7 11.5 0.8 
 95.2 3.8 1 
 93.8 5.2 1 
 92.3 7 0.7 
 95.4 3.9 0.7 
 90.6 8.3 1.1 
 94.1 4.8 1.1 
 94.7 3.5 1.8 
 97.4 2 0.6 
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Formation Quartz Feldspar Rock 
Fragments 
 95.6 3.3 1.1 
 94.2 3.9 1.9 
 97.2 2.8 0 
 92.8 5.6 1.6 
 96.4 2.9 0.7 
 95.9 2.7 1.4 
 91.5 5.9 2.6 
 93.9 4.1 2 
 97.1 2.4 0.5 
 97.4 2 0.6 
 97.7 2.3 0 
 97.1 2.3 0.6 
 97.7 1.2 1.1 
 94.6 4.7 0.7 
 96.5 2.1 1.4 
 89.9 8.5 1.6 
 93.3 5.7 1 
 94.4 5.1 0.5 
 96 3.5 0.5 
 94.8 4.7 0.5 
 94 3.5 2.5 
 88.9 8.5 2.6 
 94.3 5.2 0.5 
 96.9 2.6 0.5 
 95.4 4.1 0.5 
 91.8 7.7 0.5 
 94.3 4.2 1.5 
 94.8 2.6 2.6 
 92.2 6.8 1 
 92.2 6.8 1 
 88.5 11 0.5 
 95.9 4.1 0 
 91.4 7.5 1.1 
 88.3 8.7 3 
 96.4 2.6 1 
 92.3 5.6 2.1 
 94.3 4.7 1 
 91.6 4.2 4.2 
 93.4 5.1 1.5 
 89.7 7.2 3.1 
 97.4 2.1 0.5 
Formation Quartz Feldspar Rock 
Fragments 
 92.6 6.3 1.1 
 91.3 6.6 2.1 
 93.2 6.8 0 
 92.6 6.9 0.5 
 91.3 7.7 1 
 93.9 6.1 0 
 92.9 7.1 0 
 92.2 7.8 0 
 91.8 7.7 0.5 
 93.3 6.2 0.5 
 93.1 6.4 0.5 
 94.8 4.7 0.5 
 92.6 5.8 1.6 
 94.8 4.7 0.5 
 94.3 4.7 1 
 94.4 4.6 1 
 95.9 4.1 0 
 91.2 7.3 1.5 
 91.9 7.6 0.5 
 93.3 5.7 1 
 95.3 4.2 0.5 
 88.7 10.8 0.5 
 92.9 7.1 0 
 92.8 7.2 0 
 92 6.9 1.1 
 92.7 6.3 1 
 91 5.8 3.2 
 91.4 8.1 0.5 
 90.6 1.2 8.2 
 95.7 2.1 2.2 
 92.1 5.8 2.1 
 92.3 5.6 2.1 
 95.4 4.1 0.5 
 94.4 5.1 0.5 
 94.6 4.9 0.5 
 93.8 5.7 0.5 
 92.1 5.8 2.1 
 98.4 1.1 0.5 
 98 2 0 
 97.2 1.7 1.1 
 93.7 5.2 1.1 
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Formation Quartz Feldspar Rock 
Fragments 
 96.4 2.6 1 
 95.2 3.2 1.6 
 86.9 8 5.1 
 92.3 5.7 2 
 96.2 3.3 0.5 
 93.4 5.1 1.5 
 93.6 4.8 1.6 
 92.9 7.1 0 
 91.1 6.8 2.1 
 91.3 6.6 2.1 
 89.9 7.9 2.2 
 93.4 4 2.6 
 96.5 3 0.5 
 97 2.5 0.5 
 96.5 3 0.5 
 96.4 2 1.6 
 96.5 2.5 1 
 82 0.7 17.3 
 89.3 4.5 6.2 
 94.8 2.6 2.6 
 92.6 2.6 4.8 
 91.3 3.5 5.2 
 93 2.9 4.1 
 90.7 5.5 3.8 
 91.5 4.5 4 
 91.2 5.3 3.5 
 97.7 0 2.3 
 97.3 0 2.7 
 99 0 1 
 97.2 0 2.8 
 99.3 0 0.7 
 96 3 1 
 99 0 1 
 87.9 0.4 11.7 
 90.1 0.6 9.3 
 80.3 2.6 17.1 
 83 2.3 14.7 
 84.7 1.9 13.4 
 84.7 1.4 13.9 
 97.5 0 2.5 
 65.3 0 34.7 
Formation Quartz Feldspar Rock 
Fragments 
 92.2 0 7.8 
 92.8 0.5 6.7 
 96.3 0.5 3.2 
 92.8 0 7.2 
 90.1 0.6 9.3 
 91.8 1.2 7 
 100 0 0 
 86.2 0 13.8 
 95.5 0.5 4 
 97.8 0.5 1.7 
 92.8 0.4 6.8 
 92.7 0 7.3 
 96.8 0 3.2 
 95.3 0 4.7 
 92.3 0 7.7 
 95.8 0.3 3.9 
 93.1 0 6.9 
 95.5 0 4.5 
 97.8 0 2.2 
 92.7 0 7.3 
 91.6 0 8.4 
 92.8 0 7.2 
 91.3 0 8.7 
 86.1 0 13.9 
 92.1 0 7.9 
 94.4 0 5.6 
 92.1 0 7.9 
 89.8 0 10.2 
 87.9 0 12.1 
 98.5 0 1.5 
 99.3 0 0.7 
 97.7 0 2.3 
 92.9 0 7.1 
 84.3 0 15.7 
 96.4 0 3.6 
 88.7 0 11.3 
 98.3 0 1.7 
 95.3 0 4.7 
 95.8 0 4.2 
 96 0 4 
 92.6 6.8 0.6 
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Formation Quartz Feldspar Rock 
Fragments 
 98.8 0 1.2 
 91.7 4.8 3.5 
 99.4 0 0.6 
 93.2 4.5 2.3 
 97.2 0 2.8 
 88.5 8.3 3.2 
 85.1 12.5 2.4 
 88.3 6.8 4.9 
 96.8 1 2.2 
 97.1 0.6 2.3 
 92 2.1 5.9 
 86.6 10.7 2.7 
 86.4 11.6 2 
 93.5 5.9 0.6 
 90.6 5.1 4.3 
 89.3 7.9 2.8 
 86.5 8.4 5.1 
 94.8 2.3 2.9 
 94.6 2.4 3 
 95.6 3.1 1.3 
 95.4 3.3 1.3 
 94.2 3.5 2.3 
 94.9 1.9 3.2 
 96.2 2.5 1.3 
 95.1 2.2 2.7 
 71.8 18.3 9.9 
 80.6 11.9 7.5 
 87.2 10 2.8 
 86.4 8.4 5.2 
 91.2 4.4 4.4 
 90.8 5.7 3.5 
 89.9 8.1 2 
 82.4 12.9 4.7 
 83.3 10.9 5.8 
 83.4 12 4.6 
 85.3 10.2 4.5 
 90.9 7.8 1.3 
 88.1 8.9 3 
 84.3 11.4 4.3 
 85.1 9.5 5.4 
 92.7 5.3 2 
Formation Quartz Feldspar Rock 
Fragments 
 87.4 8.8 3.8 
 87.7 10 2.3 
 85.5 10.3 4.2 
 88.1 5 6.9 
 90.7 6.2 3.1 
 86.4 11.3 2.3 
 92.6 5.7 1.7 
 92.5 3.7 3.8 
 91.3 7 1.7 
 86.2 9.5 4.3 
 91.2 5 3.8 
 91.7 3.9 4.4 
 90.6 8.1 1.3 
 83.8 9.3 6.9 
 89.4 6.5 4.1 
 90.4 4.5 5.1 
 84.6 5.8 9.6 
 89.9 7.1 3 
 90.2 6.5 3.3 
 89 4.2 6.8 
 88.5 7 4.5 
 87.1 7.5 5.4 
 84.8 7.9 7.3 
 83.7 11.3 5 
 81.9 11.6 6.5 
 86.4 7.9 5.7 
 85.3 10.2 4.5 
 89.9 6.3 3.8 
 85.1 12.6 2.3 
 90.6 5 4.4 
 90.8 3.5 5.7 
 88.6 5.7 5.7 
 92.4 5.1 2.5 
 91.7 3.7 4.6 
 90.9 6.1 3 
 97.6 2.4 0 
 92.5 2 5.5 
 92.2 2 5.8 
 94.3 1.7 4 
 97.5 0.6 1.9 
 96.9 1.2 1.9 
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Formation Quartz Feldspar Rock 
Fragments 
 96.8 0.7 2.5 
 96.9 0.6 2.5 
 98.4 0 1.6 
 93.3 4.9 1.8 
 98.4 1.1 0.5 
 94.1 2.9 3 
 94.7 2.3 3 
 95.5 1.7 2.8 
 94.9 2.9 2.2 
 96.2 1.9 1.9 
 96.2 0.6 3.2 
 96.7 2.5 0.8 
 97.6 1.2 1.2 
 99.5 0 0.5 
 95.2 0.7 4.1 
 98.9 0.6 0.5 
 80 11 9 
 81 11 8 
 91 2 7 
 85 10 5 
 91 5 4 
 93 1 6 
 89 7 4 
 90 7 3 
 92 5 3 
 88 9 3 
 89 8 3 
 84 8 8 
 98 1 1 
 98 1 1 
 97 1 2 
 95 2 3 
Formation Quartz Feldspar Rock 
Fragments 
 75 10 15 
 73 7 20 
 86 1 13 
 72 0 28 
 75 0 25 
 93 0 7 
 83 4 13 
 86 0 14 
 84 0 16 
 79 2 19 
 98 1 1 
 75 4 21 
 78 2 20 
 83 0 17 
 86 6 8 
 90 0 10 
 88 1 11 
 84 1 15 
 83 11 6 
 82 9 9 
 97 1 2 
 84 2 14 
 91 7 2 
 87 1 12 
 72 9 19 
 97 1 2 
 93 2 5 
 95 2 3 
 96 1 3 





Table 8. Supplemental modal data for some formations. 
 


















Oolites Matrix Porosity Total 
02-201 61.4 tr tr 0.1 0.9 tr 0.5 26.1 1 0.4 7.8 0.9 0.9 100 













Zircon Rutile Mica Calcite Quartz 
overgro
wth 






09-585-2 93.3 1.6 tr tr tr 0.4 tr tr 1.8 0.4 tr tr 0.2 2.3 100 












































10-806.1 91.5 1.1 tr 0.6 0 0.5 1 tr tr 0 0.4 3.5 0 0 1 0.1 tr 0.3 100 
10-885.1 70 tr tr tr 0 0.1 0 0 0 10 18.1 0 0 0 0.7 1 tr 0.1 100 
 




























10-613 78.2 0.1 0 0 0.1 trace 0.2 trace trace 0 1 1 0 tr 19.4 tr 100 
































































10-806.1 73 3 1.4 trace 0.09 0 0 tr 0.5 trace trace 2.9 5 3.5 0 0 1 0.61 3 6 100 


























































































61.3 9.4 2.1 0.1 0.2 2.3 7.8 2.1 NA 0.1 0.1 0 0.
3 




60.9 8.6 2.8 0.9 0.3 1.8 6.9 2.1 NA 0.3 0.2 0 0.
9 
tr 0 2.6 2.
1 




62.1 6.3 2.4 0.5 1.2 1.7 13.
1 
2.1 NA 0.2 1.2 0 1.
2 
NA 0 0.3 1.
9 
3.5 0.1 0.1 2.1 NA 10
0 
; 9.37 73 6.2 0.1 tr tr 0.1 2.7 0.4 NA 0.2 tr 0 tr NA 0 3.1 0.
6 
2.1 2 0.6 8.9 NA 10
0 








70.3 7.4 2.1 0.8 0.1 1.2 1.6 2.8 NA 0.4 0.8 0 tr NA 0 2.5 3.
3 






9.838 52.8 1.9 1.2 0.6 3.1 3.6 9.1 6.5 NA tr tr 0 0.
9 
NA 0 12.1 tr 4.1 1.3 0.3 2.5 NA 10
0 
 9.839 54.9 4.6 1.2 0.3 0.9 0.4 4.1 5.1 NA 0.4 0.3 0 0.
6 
NA 0 10.2 1
2.
1 




















































































































57.2 4.1 2.1 0.2 8.1 2.3 7.8 0 1 0.2 0 1 2 1 0 tr 1 3 2 3.9 3.1 NA 10
0 






1.1 1 2.9 2.6 NA 10
0 
 St-3 55.9 8.6 0.3 0.1 1.6 3.1 12.
4 






0.9 0.5 3.1 1.1 NA 10
0 






1.2 0.9 2.1 2.7 NA 10
0 




1.2 1 3.4 1.9 NA 10
0 






1.1 1.2 2.2 0.7 NA 10
0 
 1--80 28.5 15.7 NA NA tra tr 13.
7 


















35.6 12.4 NA NA tr tr 25.
1 














1.1 1.1 3.5 2.2 NA 10
0 






2.1 1.4 3.1 1.6 NA 10
0 






1.2 1 3.1 2.1 NA 10
0 










57.6 7.2 0.6 tr 1.7 1.2 10.
3 
















1.3 0.9 3.1 1.6 NA 10
0 

























































































43.3 5.7 0.1 1 9.7 2.1 1 0 4.1 trac
e 






















NA 55.3 NA NA 0 0.
3 
14 0 tr 0.
5 
0.4 tr tr tr NA 10
0 














0.9 1.1 0.1 2.8 NA 10
0 
 9.341 40.1 6.4 4 3.2 4.7 0.8 0.8 1.2 13.6 0.6 tr 0 tr 23.
2 
0 NA tr tr 1.4 NA tr NA 10
0 


















































































28.5 3.5 0.6 0.6 0.6 1 1 0.3 0 0.6 0.3 1 48 0.6 2 8.5 0 1.1 1.2 0.3 0.3 100 
09-
766 


















THIN SECTION AND THEIR LOCATION. 
 
SLIDE NO  FORMATION    QUADRANGLE  
02-201-  Basal Mississippian sandstone (Bachelor) Fiftysix 
09-Witmbs  middle Bloyd sandstone   Witts Springs  
09-witts  Witts Springs Formation   ‘’ ‘’  
09-585-2  Clifty      Beaver  
09-371-2  Clifty      ‘’  
10-885-1  Everton sandstone    Buffalo City 
10-806-1  Everton     ‘’ ‘’  
10-613   St. Peter     ‘’ ‘’  
10-msjbms  Basal Mississippian sandstone (Bachelor) St. Joe 
03-531   Prairie Grover member   Parthenon 
03-567   ‘’ ‘’      ‘’     
06-774   ‘’ ‘’     Simpson   
09-366   Upper Bloyd     Canaan 
09-337   Lower Bloyd     ‘’  
09-341   Upper Bloyd     ‘’  
09-342   Witts Springs-upper    ‘’  
09-370   Witts Springs- middle    ‘’  
09-197-1  Witts Springs-basal    Leslie  
09-197-2  ‘’ ‘’     ‘  
09-197-3  ‘’ ‘’     ‘’  
09-842   Witts Springs-basal    Oxley 
09-839   Hale/Cane Hill-lower    ‘’  
09-838   ‘’ ‘’     ‘’  
14-15-616  Witts Springs-tops    Parma 
14-15-436  Witts Springs-upper    Prim 
14-15-599  Witts Springs-middle    Parma 
14-15-353  Witts Springs-basal    ‘’  
14-15-212  Witts Springs-lower    Greers Ferry 
09-277-1  Imo Sandstone    Canaan 
09-464-1  ‘’ ‘’     ‘’  
09-545-1  ‘’ ‘’     Leslie  
09-669-1  ‘’ ‘’     Oxley 
09-766   ‘’ ‘’     ‘’ 
 
 
 
 
 
 
